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Abstract 
Measuring Learning Modalities with 
Neuropsychological Memory Measures 
in a College Population 
Eve Stoddard 
Douglas Chute, Ph.D. 
 
Within the educational literature, researchers assert that individuals have learning 
modality strengths (LMS, i.e., visual or verbal proficiencies; e.g. Dunn et al., 1995).  
Self-report measures (e.g. LASSI, LSI) are frequently used to assess learning modality 
preferences, but they typically have poor validity and reliability; consequently the 
proportion of students that have LMS remains unknown.  I gave a neuropsychological 
memory battery, with instruments of known validity and reliability, to assess for 
differential verbal or visual memory in a population of 71 college students.  There were 
11 students with self-reported LD or ADHD that were excluded from the study.  In total 
56 college students were included in analyses.  If students had a greater than 1 standard 
deviation difference between their verbal and visual memory scores, I operationally 
defined that as a verbal or visual LMS.  The battery consisted of the Wechsler Memory 
Scale – III (WMS-III – Logical Memory, Word Lists, Digit Span, Spatial Span, and 
Faces), and the Brief Visual Memory Test – Revised (BVMT-R).  Norms from the WMS-
III manual show that approximately one third of the normative sample have a one 
standard deviation difference between their Auditory and Visual Memory Indices.  My 
first hypothesis was that a significantly larger proportion of individuals would show 
differential verbal and visual memory performance, because the chosen battery should be 
more sensitive than the WMS-III core subtests.  My results did not support this 
hypothesis.  Approximately one third of participants showed the 1 standard deviation 
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differential, with most of these differences accounted for by verbal memory subtest 
superiority.  My second hypothesis addressed the construct validity of the Learning 
Efficiency Test – II (LET-II), a measure used for assessing LMS in individuals.  In my 
study, data supported the construct validity for the LET-II auditory subtest, but not the 
visual subtest.  Thus, my study supports the observation that approximately one third of 
individuals have differential verbal and visual memory abilities.  This is a relatively large 
proportion of the population and has possible implications for teaching students in 
accordance with their respective memory abilities.  Limitations of this study include a 
narrow sample (i.e., college students), inter-rater inconsistency, and small sample size. 
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CHAPTER 1: INTRODUCTION 
 Many researchers in education hold to the idea that people vary with regard to 
specific learning styles.  There are vastly different concepts in the literature as to what 
constitutes a learning style (e.g., deep learning and surface learning [Schmeck, 1983]; 
environmental, emotional, sociological, physical aspects [Dunn & Dunn, 1978]).  Some 
learning style theories include within them learning modality strengths (LMS: Barbe & 
Milone, 1981) or learning modality preferences (LMP: Dunn & Dunn, 1978) as an 
important component.   LMS refers to actual test performance discrepancy, generally 
between the visual and auditory domains, whereas LMP refers to a self-reported 
perception of learning (e.g., “I learn better by listening to a lecture than reading a chapter 
in a book”).  Most educational theorists, with the exception of Barbe and Milone (1981), 
do not make a distinction between LMS and LMP.  Clearly these constructs are very 
different.  For this reason in the present study LMS and LMP were referred to as distinct 
concepts.   
 None of the self-report measures assessing LMP have any evidence for adequate 
construct validity or reliability (e.g., DVC Learning Style Survey for College [Miller, 
2000]; Perceptual Modality Preference Survey [Cherry, 1997]; Personal Learning Style 
Inventory [Wyman, 1999]).  However, positive aspects of these measures are that they 
assess via self-report and have face validity.  In an extensive search of several databases 
(i.e., PSYCH-INFO, Mental Measurement Yearbook, ERIC, and a thorough internet 
search) very few measures could be found that measure LMS.  Of those found (e.g., 
Swassing-Barbe Modality Index [Swassing-Barbe, 1981] and the Learning Efficiency 
Test II [LET-II: Webster, 1998]), only the LET-II claims adequate construct validity. 
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However, there has only been one study that evaluates the construct validity of this 
measure for assessing visual and auditory constructs.   
 Researchers in education profess that students differ as to their learning modality 
strengths and weaknesses and that if students match their study habits to their LMS they 
will have higher grades as a result (e.g. Barbe & Milone, 1981; Dunn & Dunn, 1978; 
Dunn et al., 1995).  However, there are mixed results as to whether matching study habits 
to LMS results in higher grades (Kavale, Hirshoren, & Forness, 1998).  One likely 
explanation is that there are few measures with good validity or reliability that measure 
LMS (Sternberg & Grigorenko, 1997).  Given that the measures that assess learning 
modality preferences have poor validity and reliability it is not known the proportion of 
individuals that have LMS.  If a valid method were devised for assessing those with 
LMS, then this would assist in identifying these individuals.  It would subsequently assist 
in evaluating whether teaching to students’ LMS actually improves their grades as a 
result. 
 Due to the fact that several neuropsychological memory measures demonstrate 
good construct validity and test-retest reliability (Psychological Corporation, 1997b), and 
also measure visual and auditory memory modalities, it was proposed that selected 
memory measures would be a valid means of assessing the proportion of individuals that 
actually have learning modality strengths.  The WMS-III Administration and Scoring 
Manual (Psychological Corporation, 1997a) shows that of the normative sample, 38.4% 
of the sample have a significant difference between their Visual and Auditory Immediate 
Memory Indices, and 32.4% have a significant difference between their Visual and 
Auditory Delayed Memory Indices.  This then supports that approximately one third of 
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the population have visual or verbal learning modality strengths.  However, one of the 
two memory measures included in the WMS-III Visual Memory Index, specifically 
Family Pictures, is comprised of both verbal and visual components (Dulay et al., 2002).  
Also, none of the memory measures from the WMS-III Visual Memory Index (i.e., Faces 
or Family Pictures) include a learning component (i.e., repeated exposure to stimuli).  In 
addition, only immediate memory, delayed memory, and verbal learning are reflected by 
the WMS-III Memory Indices.   
 Therefore, an alternate neuropsychological battery was constructed for the 
current study that evaluates visual and auditory learning, working memory, immediate 
recall, and delayed recall.  The measures that comprised the Chosen Memory Measures 
(CMM) were tests from the Wechsler Memory Scale-III (Logical Memory, Word Lists, 
Digit Span, Spatial Span, and Faces), and the Brief Visual Memory Test-Revised 
(BVMT-R).  The BVMT-R is very similar to Visual Reproduction, and in factor analyses 
both of these tests load on visual memory (Wong & Gilpin, 1993).  Therefore, it was 
thought that the difference between the visual and verbal memory scores would be 
greater within this study, because the BVMT-R has better construct validity than Family 
Pictures.  The BVMT-R also includes a learning component, which Family Pictures does 
not.  Due to it being widely asserted within the educational literature that a large 
proportion of individuals have LMS, it was hypothesized that with the CMM a larger 
percentage of the population would show LMS than is reflected by the WMS-III Verbal 
and Visual Memory Indices.    
As the LET-II takes much less time to administer (i.e., 15 minutes) than a battery 
of neuropsychological memory tests, it was thought this would be a better measure to 
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assess people quickly for learning modality strengths than somewhat lengthy 
neuropsychological tests.  However, as stated previously, the LET-II has only been tested 
as to its construct validity in one study.  Also, it has never before been compared to other 
memory tests.  Therefore, in this study it was tested again for its construct validity with 
regard to measuring visual and verbal memory by comparing it to the CMM.   
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CHAPTER 2: LITERATURE REVIEW 
Cognitive Styles, Learning Styles, and Learning Modalities 
Individual differences in learning has been a major focus of educational and 
psychological research for the past several decades (Corno, Snow, & Jackson 1996; 
Cronbach, 1957; Cronbach and Snow, 1977; Jonassen & Grabowski, 1993).  Research 
concerning learning modalities also has a long history within educational research (Barbe 
& Milone, 1981; Dunn & Dunn, 1978; Dunn et al., 1995).  Table 1 in Appendix B 
provides operational definitions for cognitive styles, learning styles, learning modality 
strengths and learning modality preferences. 
For decades a heavily investigated area with regard to learning styles is that 
“involving perception, the process most intimately associated with learning,” (Barbe & 
Milone, 1981, p.378).  Both educators and neuropsychologists refer to the primary 
channels through which perception occurs as modalities: vision, audition, and kinesthesia 
(Barbe & Milone, 1981; Kandell, Schwartz, & Jessel, 2000).  Channels most efficient for 
processing information are referred to as modality strengths.  A “modality strength”, 
according to Barbe and Milone (1981), indicates a superior performance in one or more 
areas of functioning and is assessed through a task of some kind.   
Educational theorists posit that if one is termed a visual learner then this means 
that the easiest way for the person to learn is if they focus primarily on learning through 
visual means (e.g. pictures, diagrams, graphs, demonstrations); (Felder, 1993).  For visual 
learners if something is simply said and not shown (e.g. in a lecture) it is likely that they 
will not recall it (Smilkstein, 2003).  And for verbal learners, the easiest way for their 
brain to learn is primarily through verbal material (written and spoken words and 
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mathematical formulas); (Felder, 1993; Smilkstein, 2003).  For kinesthetic learners, then 
likewise, the easiest way for them to learn is if they use both visual and motor 
components to their learning.  Or as Smilkstein writes (2003) kinesthetic learners need to 
incorporate “hands-on” learning in order to integrate information sufficiently.  However,  
it should be emphasized that, while people are generally thought to be dominant in one 
modality, this does not mean that they cannot learn through other modalities 
simultaneously - it only means that their brain is best suited to learn via their dominant 
modality (Smilkstein, 2003).   
Learning modalities are often included as a subsidiary construct within the larger 
theoretical perspectives of learning styles and/or cognitive styles.   Several researchers 
use the terms cognitive styles and learning styles interchangeably (Riding & Cheema, 
1991).  However, in the interest of clarity, within this short literature review learning 
modalities will be discussed as a subsidiary construct of learning styles, which in turn 
will be discussed as part of the larger construct of cognitive styles, as designated by 
Sternberg and Grigorenko (1997).   
Sternberg and Grigorenko (1997) specified that there are three main categories of 
Cognitive Styles, which they termed the Cognition Centered Approach, Personality 
Centered Approach, and Activity Centered Approach.   These authors deemed that the 
category of learning styles fell within the Activity Centered Approach.  Keefe (1979), an 
influential leader on learning styles research, wrote that learning styles “are broadly 
described as cognitive, affective, and physiological traits that are relatively stable 
indicators of how learners perceive, interact with, and respond to the learning 
environment” (p. 4).   However, Sternberg and Grigorenko (1997) aptly posited that 
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within the realm of learning styles there are several theoretical perspectives, and that 
“styles are conceptualized in very different ways in these theories” (p. 705).    For 
instance, Schmeck (1983) suggested a differentiation between “deep” (depth) and 
“elaborative” (breadth) learning styles.  Dunn and Dunn (1978) use four main categories 
as integral to their learning style theory, namely environmental (e.g. sound and light) 
emotional (motivation and responsibility), sociological (e.g. peers and self), and physical 
(e.g. perceptual and mobility).  Holland (1973) suggested that there are four types of 
learning styles based on two dimensions, converging versus diverging and assimilating 
versus accommodating, which yields four types of different learners.  For example, 
convergers prefer hypothetical-deductive thinking whereas divergers prefer more 
imaginative and intuitive kinds of thinking.  Also, Kolb (2000) introduced in the 1980s 
Experiential Learning Theory which includes Diverging, Assimilating, Converging and 
Accomodating learning styles.  Howard Gardner (2004) introduced the concept of 
Multiple Intelligences in the 1970s which include linguistic, logical-mathematical, 
musical, bodily-kinesthetic, spatial-visual, interpersonal, and intrapersonal types of 
intelligence. Therefore, it is apparent that learning style theories vary greatly in terms of 
key variables of interest.  Nonetheless, as can be seen from the above brief overview of 
these theories, the central crux of them is not learning modalities, although learning 
modalities are a component of several learning style theories (e.g. Dunn & Dunn, 1978; 
Gardner, 2004).   
 
 
 
    
 
8
 
Do Individuals have a Dominant Learning Modality? 
 
Learning modalities are studied in both educational and neuropsychological 
domains, however the focus for those in education concerns learning styles among 
normal individuals and also those with learning disabilities.  In contrast, the focus among 
neuropsychologists, dictated by the very nature of their profession, is with neurological 
and psychiatric populations, and not normal populations.  Learning styles are assessed 
with predominantly self-report measures in the educational domain and memory and 
learning behavioral measures in the neuropsychological domain.   In the following 
sections data from each of these fields will be discussed. 
Educational Psychology Self Report Data 
Educational researchers have generally found that individuals do have one 
learning modality that is most dominant.  Studies have revealed that there are differences 
when evaluating groups in terms of preferred learning modality when broken up 
according to age, race, or achievement in school. 
According to Dunn and Dunn (1978), only 20-30% of school age children appear 
to be auditory learners, 40% are visual learners, and 30-40% are tactile/kinesthetic or 
visual/tactile learners.  Barbe and Milone (1981) stated that for grade school children the 
most frequent modality strengths are visual (30%) or mixed (30%), followed by auditory 
(25%), and then by kinesthetic (15%).  However, in a review of the literature with regard 
to reading instruction in particular, Larivee (1981) wrote that only a small percentage of 
children showed a marked preference for either the visual or verbal modality. 
However, the above findings do not apply across the age span.  What has been 
revealed in studies spanning a wider age range is that with age modality strengths change.  
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For example, primary grade children learn better via auditory (verbal) means and are least 
well developed kinesthetically, however between kindergarten and sixth grade a modality 
shift occurs and vision becomes the dominant modality and kinesthesia overtakes 
audition (Barbe & Milone, 1981).  Barbe and Milone (1981) also wrote that adults are 
more likely to have mixed modality strengths than children. 
In addition, it has been found that modality strengths differ with regard to 
achievement level.  In one study it was found that high and middle achievers (A and B 
students) preferred to learn through the visual modality significantly more than low 
achievers (Park, 2001).  Likewise, high achievers preferred learning through the visual 
modality significantly more than the middle achievers.  It was also found in this study 
that low achievers were not significantly different with regard to their preference for 
kinesthetic, auditory, or tactile learning (Park, 2001).  The sample size was 1,896 and 
consisted of high school age students. 
In the same study Park (2001) not only studied high versus low achievers, but also 
racial differences with regard to learning style.  She found that Armenian, Hispanic, 
Hmong, and Korean American students had statistically significantly higher preferences 
for visual learning compared to Anglo Americans.  She also found that, regardless of race 
or gender, students overall tended to significantly prefer learning in the kinesthetic 
modality more than any other learning style.  Hickson, Land and Aikman (1994), when 
using the LSI with a sample of 211 middle school aged students, found that regardless of 
race most students preferred kinesthetic learning most, followed by auditory, and visual 
was least preferred.  Thus, in their study there was not a break-down with regard to 
preferred modality between racial groups.  Therefore, within educational research it 
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appears that when assessing learning modalities across age, race, and levels of 
achievement dominant learning style patterns emerge.  However, as will be revealed in 
the next section, these results are based on measures shown to have poor validity and 
reliability, which then makes these results suspect.   
Validity and Reliability of Educational Self-Report Measures 
Towler and Dipboye (2003) have written that a major barrier in the research on 
learning style preference is that there is a lack of valid and reliable measures.  Sternberg 
and Grigorenko (1997) posited that among the major problems with the majority of 
learning style measures are the internal validity, convergent external validity, and 
discriminant external validity.  Due to learning style research being a gigantic area of 
study, only self-report measures that in some way measure learning modality will be 
addressed below with regard to validity and reliability. 
The LSI (Learning Style Inventory) is one measure used to study learning style 
and it was developed by Dunn, Dunn and Price (1975).  It includes not only preferred 
modality of learning (e.g. kinesthetic, auditory, visual), but also environmental (e.g. 
temperature, seating design); emotional (motivation, persistence); sociological (learning 
done in pairs or alone, with adults, with peers); and physiological (including modality, 
time of day, etc.); (Hickson, Land, & Aikman, 1994).  Thus, it assesses much more than 
merely mode of learning.  There have been mixed findings with regard to the validity of 
the LSI.  Cavenaugh (1981) found it to be a reliable and valid diagnostic tool.  Dunn et al. 
(1995) in a meta-analysis also provided support for the measure.  They included 36 
studies and found a significant result for the model as a whole, in that if students’ 
learning styles were accommodated within the school setting their grades would be 
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significantly higher as a result.  With regard to the four primary areas evaluated within 
their model, “emotional” and “physiological” (i.e., learning modality preference) were 
not found to be significant indicators of the benefit of matching educational environment 
to students’ learning styles; however, “environmental” and “sociological” areas were 
found to be significant indicators of matching educational environment to students’ 
learning styles.  Not all studies were used in each category.  For example, within the 
“emotional” category they only had a sample size of two studies (140 participants), 
however within the “physiological category” they had a sample size of 14 studies (1,656 
people).  Thus, given that they had such a large sample size for the “physiological 
category” this greatly discredits this tool as a measure to assess learning modality 
strengths.   
Another questionnaire used to assess verbal and visual learning styles is the 
Visualizer-Verbalizer Questionairre (VVQ).  The VVQ includes 20 statements about 
verbal or visual thinking style (Kirby et al., 1988).  Statements about verbal thinking 
included are "I enjoy work that requires the use of words" and "I read rather slowly"; 
whereas for visual thinking statements included are "I find maps helpful in finding my 
way around in a new city" and "I do not believe that anyone can think in terms of mental 
pictures".   Antonietti and Giorgetti (1998) wrote a review of studies in which the VVQ 
was employed. This review revealed that this questionnaire does not support visual and 
verbal constructs.  Also, a lack of test-retest reliability of the questionnaire emerged.  
Antionetti and Giorgetti (1998) concluded that the use of this questionnaire to assess the 
verbal-visual cognitive style was questionable.  In a later study Leutner and Plass (1998) 
found this to be exactly so.  They found that the verbalizer and the visualizer scales of the 
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VVQ were positively correlated (r=0.36), which does not support the construct validity 
for this measure. 
Validity of the LET-II 
 Given that neither of these popular measures for assessing learning styles and 
learning modalities have been proven sufficiently valid, it is therefore reasonable to turn 
to the validity of the LET-II, as this is the only educational measure known to directly 
assess for learning modality strengths.  The temporal stability estimates have been found 
to be .79 for the Visual Modality factor score and .75 for the Auditory Modality factor 
score (Webster, Lagan, & Hall, 2000).  One study showed that the LET-II memory factor 
scores displayed moderate predicative validity, as it correlated significantly with the K-A 
scores, class grades, and actual grade level functioning in reading (Hoffman et al., 1996).   
The respective modality indices (auditory, visual) have not been compared as to their 
predictive validity.  The LET-II has also been found to have good discriminant validity 
for distinguishing between those with learning disabilities and those without a learning 
disability (Webster, 1998).   
With regard to reliability, there is no information concerning the test-retest 
reliability or split-half reliability for the LET-II.  However, given that learning disabled 
and normal groups are so close in their mean item scores on the auditory modality, 
ordered recall, and short term memory, this brings into question whether this is a reliable 
tool for assessing strengths and weaknesses in memory, or for aiding in diagnosis. 
The construct validity of the LET-II has only been evaluated in one study, 
according to the manual by Webster (1998).  The factor analysis did not include any other 
measures of learning or memory, except for that which the test itself include.  The factor 
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analysis revealed that two factors emerged, specifically Global Memory and Modality.  
For Modality there was a consistently high loading and grouping for auditory subtests 
and an accompanying consistent and low grouping for the visual subtests.  Webster 
(1998) purported that these analyses generate a direct picture of two constructs being 
evaluated, namely a visual modality factor and auditory modality factor.  Because the 
LET-II is a very short test to administer and may be more useful in assessing learning 
modality strengths and weaknesses in normals (in comparison to more lengthy and time 
consuming neuropsychological tests) the LET-II construct validity was re-assessed within 
this study.  Having sufficiently reviewed the validity of different learning style measures 
there will now be an overview of neuropsychological contributions to memory and brain 
correlates. 
Neuropsychology and Memory 
 Learning is the primary way we acquire knowledge, and remembering is the 
primary means by which people retrieve memories (Bower, 2000).  Throughout the 17th 
to nineteenth centuries empiricist philosophers such as John Locke, John Stuart Mill, and 
Thomas Brown speculated about various factors that affect the degree or strength of 
associations (Bower, 2000).  They recognized that associations would vary in their 
strength of vividness or distinctiveness of the original experience, its duration (study 
time), its frequency (repetitions) and its interest to the observer.   
Memory Testing 
The scientific investigation of rote learning began with the work of German 
scientist Hermann Ebbinghaus.  Hermann Ebbinghaus (1885) was the first researcher to 
develop human tests of memory that assessed over repeated trials, and thus was known 
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for serial learning research (Eichenbaum & Cohen, 2001).  Through serial learning a 
subject learns to output in a specified order a small set of temporally ordered, discrete 
items, such as letters, nonsense syllables, written or spoken words, pictured objects or 
sentences.  He developed objective assessments of memory, specifically nonsense 
syllables, that introduced strict controls regarding timing, the number of study trials, 
recall time permitted and retention interval (to study forgetting), and used statistical 
analyses to test the reliability of his findings  (Eichenbaum & Cohen, 2001; Bower, 
2000).  The nonsense syllables  (i.e., DAX, QEH) provided him with learning materials 
of homogenous difficulty, thus avoiding the variability of familiar words or prose, which 
increased in length of syllables (Bower, 2000).  Ebbinghaus found that forgetting of a list 
decreased with multiple re-learnings of it, that overlearning increased retention, and that 
widely distributed trials were more effective than closely packed trials (1 per hour vs. 1 
per minute) for long-term retention. A robust finding is that items at the beginning and 
end of the list are easier to learn than items in the middle of the list.   
Whereas Ebbinghaus developed nonsense syllables to measure memory over 
repeated trials, Frederick Bartlett was the first to use meaningful verbal material (rather 
than nonmeaningful material), specifically stories, to assess for the participants’ recall 
and learning (Eichenbaum & Cohen, 2001; Bartlett, 1932).  Frederick Bartlett’s primary 
interest was that participants were shortening the stories and making them more coherent 
than the original stories, which reflected reconstruction and condensation of the material 
(Kandell, Schwartz, & Jessel, 2000).   He was also interested in whether participants were 
drawing from “schemata”, that is their own experience, in order to recall the material 
from the stories with greater ease.  He believed that this reliance on “schemata” caused 
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participants to change the content of the stories to some extent (Gardener, 1987).  To this 
day very similar tests (i.e., Logical Memory; Letter Number Sequencing; Digit Span) 
continue to be used in neuropsychology.   Thus, these two men are the pioneers of verbal 
memory test measures.    
The first published memory assessment battery was that of Wells and Martin in 
1923 (Tulsky et al., 2003).  This battery was a collection of 26 items of verbal and visual 
immediate recall, and did not include a delayed recall condition.  The Wechsler Memory 
Scale was later published in 1945 and was designed to provide a rapid memory 
examination (Wechsler, 1945).  It presented both verbal and visual information and 
included subtests that measured narrative learning and memory, paired associate learning 
and graphic reproduction.  However, again it primarily assessed immediate episodic 
recall.  Also, it only provided an overall memory quotient, and did not include memory 
quotients for different domains of memory (Tulsky et al., 2003).   
Thus, visual memory was largely ignored as a distinct concept for study, and prior 
to the 1960s, most memory research examined verbal memory (Tulsky et al., 2003).  
However, beginning in the 1960s, a contingent of researchers began to focus their 
investigations to visual imagery and its properties.  This movement was led by Allan 
Paivio (1969, 1971) with support by Roger Shepard (1978; Shepard & Metzler, 1971).  
Paivio conceived of nonverbal imagery as a form of coding and symbolic representation 
of information that was alternative to the verbal coding system.  There was much 
evidence he found for this distinction.  First, he found that words differ greatly to the 
degree to which they evoke imagery, and that the imagery arousing value of the word was 
the most potent determinant of its rate of learning – whether in paired associates or free 
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recall.  Also, participants learning imagery arousing words were more likely to report 
mental pictures to learn the associations.  Participants who were instructed to use visual 
imagery learned at a much faster rate than those who relied only on verbal repetition to 
learn the words.  In addition, he found that pictures of common everyday objects were 
even more effective items in learning than their names.  From such findings Paivio 
argued that there are two separate stores of memory, verbal and nonverbal.  Presently, 
facial, figural, and spatial location tasks are the most popular forms of studying visual 
memory function (Psychcorp, 1997).   
Measurement of Kinesthetic Memory 
Kinesthetic memory is inherently difficult to measure due to the fact that it is 
involved in most memory tasks, but is not the focal aspect of interest in most tasks.  In 
other words, kinesthesia is often confounded with visual and verbal/auditory memory to 
some extent.  One test of interest, the Tactual Performance Test (TPT), from the Halstead 
Reitan Battery attempts to measure purely kinesthetic memory.  The participants are 
blind folded, and then asked to fit wooden blocks into 10-cut out spaces on a form board. 
The TPT has three scores for time, memory, and location.   The standardized 
administration (Halstead, 1947) includes blindfolding the subject prior to seeing the 
board; then the subject places the blocks onto the form-board three times, first with the 
dominant hand, then nondominant hand, and then both hands together.  The blindfold is 
then removed and the subject is asked to draw a diagram of the board, using as many 
shapes as possible, including as many shapes as possible in the correct location relative to 
one another.  Leonberger et al. (1991) conducted a factor analysis with the Halstead 
Reitan and WMS-R, and found that the WMS-R Visual Reproduction, all scores from the 
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TPT, and PIQ loaded on the same factor, which they believed to be a spatial reasoning 
factor.  Therefore, although this test is thought to be measuring kinesthetic learning it is 
in fact likely measuring spatial learning to a greater degree than kinesthetic.  Although it 
is the only known measure to attempt to measure kinesthetic learning, its inability to 
isolate kinesthetic from visual spatial ability is of concern.  Therefore, the TPT was not 
used in the current study to measure kinesthetic memory.  In addition, due to kinesthesia 
being such a difficult construct to measure it was not a focus of the current study. 
Memory Models: Working Memory, Short-Term and Long-Term Memory 
Studies using patients and animals have helped to identify different memory 
constructs, such as short-term and long-term memory.  One of the most famous cases is 
that of H.M., a man in the 1950s who had a bilateral medial temporal lobe resection to 
alleviate severe epileptic attacks.  Removal included the rostral two thirds of the 
hippocampus as well as the amygdala.  He was able to recall and retrieve remote 
memories from childhood as well as information he had learned about the world.  
However, he consequently suffered the ability to form new long-term memories (i.e., he 
was unable to retain new everyday memories across any extended delay, but he could 
retain information over short delays, if not interrupted).  Thus, he showed a sparing in his 
immediate memory and working memory, but an inability to consolidate material to bring 
it into long-term storage.  He was also able to learn new motor skills.  The “short-term 
models” were partly inspired by neurological patients such as H.M., with organic damage 
bilaterally to the temporal lobes and to the hippocampus.  He was greatly impaired in 
transferring new verbal information to long-term memory (Bower, 2000). 
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Following this research conducted with H.M., in the early 1960s there was a great 
deal of interest surrounding immediate or “short-term” memory.   While the limits of 
immediate memory and the “memory span” had been known since Ebbinghaus, a 
startling fact was observed by Lloyd and Margaret Peterson (1959), which was that 
people very rapidly forget a few unrelated letters or words (e.g., glass, pen and wood) if 
they are distracted with another task for a few seconds.  Such results suggest a short-term 
memory with extreme fragility, lasting only a few seconds after the subject’s attention is 
brought elsewhere.  This rapid loss can be contrasted to long-term memory, in which 
forgetting,when it occurs, is at a much lesser rate.  Several theories were proposed to 
explain the interaction between short-term and long-term memory, which built on earlier 
models (e.g., Broadbent, 1958, Bower, 1964, & Waugh and Norman, 1965).  The most 
popular model was the Atkinson-Shiffrin model (1968) because it was the most explicit 
and was applied to the widest range of results.  This model specified that items in short-
term memory will be replaced by new items, and items that undergo rehearsal will be 
shifted into long-term memory.  Such models have explanations for serial position curves 
(i.e., the primacy and recency effects).  Specifically, the primacy effect was due to the 
items entering an empty short-term memory and therefore receiving a greater amount of 
rehearsal compared to later words.  The recency effect was explained by the subject 
reading them from short-term memory before they were tranferred to long-term memory.   
The Atkinson-Shiffrin model specifies that short-term memory is the gateway to 
long-term memory.  However, studies of neurological patients (Shallice & Warrington, 
1970, 1974) showed that they could learn visual paired associates quite normally despite 
having severely impaired immediate auditory memory.  Apart from these studies, studies 
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with normal participants using digit span tasks as a distractor task were found to have 
little or no effect on free recall for visual information.  The implication is then that adults 
have multiple regions for short-term storage of stimuli received from different sensory 
modalities (Baddeley, 1990).   In reaction to such ideas more recent theorists have recast 
the Atkinson-Shiffrin model.  Baddeley (1990) has hypothesized several modality 
specific short-term stores that he calls working memories, which store speech-based 
material and visual-spatial material, as well as an “executive controller” that holds, plans 
and coordinates the separate short-term stores.   In contrast, Anderson (1995) has argued 
that rather than separate storage compartments, short-term memory should be conceived 
of as activated chunks of information, some of which are highly activated and readily 
accessible to recall or entering into other cognitive activities.  Different memory traces 
differ in their strength or ability to be reactivated later by relevant cues.  
Thus, gleaned from these theories, at present three types of memory are thought to 
exist: short-term memory, long-term memory, and working memory.  All of these can be 
associated with sensory input from any modality (Baddeley, 1990).  Short-term memory 
is thought to last 1-2 minutes (Psychological Corporation, 1997), and long-term memory 
is thought to take several days to weeks in order to consolidate (Kandel, Schwartz, and 
Jessel, 2000).  Some researchers consider working memory to have replaced the concept 
of short-term memory (Psychological Corporation, 1997), while others believe it to be a 
type of short-term memory (Kandel, Schwartz & Jessel, 2000).  Working memory is 
viewed as a conceptual workspace that is an active part of the information processing 
system, whereas the traditional view of short-term memory is that it is a passive storage 
buffer; thus, both terms refer to a temporary storage system for incoming information.  
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However, short-term memory refers to a passive form of memory and working memory 
refers to an active form of memory.  All types of memory, short-term memory, long-term 
memory, and working memory can all be modality specific (Baddeley, 1990). 
Episodic and Semantic Memory. 
Endel Tulving (1972) introduced the distinction between episodic memory and 
semantic memory, and specified that an episodic memory is about a particular event that 
occurred at a specific place and time, such as one’s memory of receiving a traffic ticket 
or getting into a car accident.  In contrast, semantic memory is the mental thesaurus, or 
more specifically, organized knowledge one has about words and verbal symbols, their 
meaning and referents, and formulas and algorithms for manipulating them (Tulving, 
1972).  Tulving stipulated that memories typically acquired during verbal learning 
experiments are episodic in nature.  Tulving later added a procedural memory system in 
recognition of perceptual motor skills. 
Neuroanatomical Findings Concerning Memory 
  Studies with humans and animals suggest that knowledge stored as explicit 
memory is first acquired through processing in “one or more of the three polymodal 
association cortices (the prefrontal, limbic, and parietal-occipital-temporal cortices) that 
synthesize visual, auditory, and somatic information” (Kandel, Schwartz, & Jessel, 2000, 
p.1231).   Jensen (1998) stated that the majority of brain researchers say that 99% of what 
one learns comes through one’s primary senses, specifically vision, hearing, smelling, 
tasting, and touching.  Thus, information comes in through the senses and then goes to 
the thalamus for sorting.  Visual information is then sent to the visual part of the cortex, 
auditory information is sent to the auditory part of the cortex, and so on.  In the cerebral 
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cortex, important decisions are made as to whether information needs to be acted upon, 
sent to long-term memory, or just deleted (Tileston, 2004). 
With the advent of brain imaging, various brain regions have been implicated 
when participants are completing neuropsychological tasks.  The following theories of a 
phonological loop, visual spatial sketchpad, and working memory, are based on 
Baddeley’s theory.   Activations associated with the verbal phonological loop are usually 
found in the posterior parietal, opercular and premotor frontal regions (Awh et al., 1996), 
and tend to be left-lateralized and involve Broca’s area.  The phonological store has been 
implicated with parietal regions, and the rehearsal process with Broca’s area (Awh et al., 
1996).  Dolan and Fletcher (1997) have found that when encoding novel episodic verbal 
information (e.g., word pairs) one role of the left hippocampus is to register the novelty 
of the presented verbal information, whereas the role of the left prefrontal cortex is not 
related to novelty detection, but rather to associative semantic processing.  The left 
prefrontal cortex has been found to be activated during the encoding of word pairs, 
whereas the right prefrontal cortex is activated during recall (Cabeza et al., 1997b).   
Object information tends to be stored in the occipito-temporal and inferior 
prefrontal regions (Haxby, Ungerleider, Horwitz, Rapoport, & Grady, 1995), whereas the 
areas related to the maintenance of spatial information are usually observed in the 
occipito-parietal and superior prefrontal regions (Awh et al., 1996).  Object maintenance 
tends to be left lateralized and spatial maintenance tends to be right lateralized (Smith et 
al., 1995).  Tulving et al. (1994) found that the right hippocampus, parahippocampal 
gyrus, retrosplenial cortex, thalamus, and subcallosal areas were implicated in the 
learning of novel nonverbal figural information.   Facial encoding studies reveal that the 
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right hippocampal region is strongly correlated with a region in the anterior cingulate 
(Grady et al., 1995).  Grady et al. (1995) found that in the short-delay of facial 
recognition there was an interaction in the right hemisphere involving the ventral 
temporal, hippocampal, and anterior cingulate and inferior frontal regions.  At the long 
delay, right limbic interactions were decreased in favor of bilateral frontal and fronto-
cingulate interactions.  Encoding has commonly involved the left frontal and 
hippocampal regions, as well as specific regions of the temporal cortex and anterior 
cingulate (Nyberg, Cabeza & Tulving, 1996).    
Working memory is based in distributed networks with salient activation in 
various parietal, temporal, and frontal regions.  On a digit span task involving EEG data 
frontal scalp regions and occipito-parietal regions in the left hemisphere were particularly 
active (Gevins & Cutillo, 1993).  On a nonverbal working memory task, a PET scan 
revealed prefrontal and parietal regions were activated (Klingberg, O’Sullivan, & Roland, 
1997).     
During retrieval, the right prefrontal cortex (in particular the right anterior 
prefrontal area) has consistently been found to be implicated in nonverbal episodic 
retrieval, not only of item retrieval but also spatio-temporal information (Kohler et al., 
1998).  During semantic memory retrieval of verbal information (i.e., verbal fluency) the 
anterior cingulate, left dorsolateral prefrontal cortex, Broca’s area, thalamus and 
cerebellum have been found to be involved (Friston, Firth, Liddle, & Frackowiak, 1993).  
The anterior cingulate and cerebellum have been found to be involved generally in both 
verbal and nonverbal episodic retrieval (Nyberg et al., 1995).  These areas are more 
activated during free recall than recognition.   Episodic retrieval has been associated with 
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decreased activity in the bilateral temporal regions.  With regard to level of performance, 
activity in the medial temporal regions, including hippocampus, has been associated with 
higher levels of episodic retrieval.  Retrieval related activity has been consistently 
observed in the medial parietal cortical regions; the precuneus (Fletcher et al., 1997).  It is 
thought that this area is used as a “general” episodic retrieval centre, reflecting the use of 
mnemonic and imagery strategies at retrieval  (Dolan, Paulesu & Fletcher, 1997).  
Thalamic activation has repeatedly been observed during episodic retrieval (Cabeza et al., 
1997a).  There are areas that during retrieval have shown decreased activation, 
specifically the right prefrontal and anterior cingulate region, and bilateral temporal 
regions (Nyberg, McIntosh, Cabeza, Nilson et al., 1996).  Prefrontal regions have been 
found to be more activated when retrieval is successful (Nyberg et al., 1995), suggesting 
variability in that area depending on success of retrieval.   
Thus, it is important to note that there is no single memory storage place in the 
brain.  The neural circuitry involving the cortical and subcortical limbic structures of the 
medial temporal lobes, the hippocampus, amygdala, and related diencephalic structures 
have been implicated as especially important structures for memory functioning (Kandel, 
Schwartz, & Jessel, 2000; Psychological Corporation, 1997).  The amygdala and limbic 
systems of the brain seem closely related to storage of highly emotional memories.  The 
cerebellum, motor and premotor cortex and basal ganglia are closely linked to learning 
and performance of motor skills.  The primary sensory cortices (striate and occipital for 
vision, temporal for audition, somatosensory for touch) are intimately involved in the 
modality specific memories displayed in repetition priming.  The frontal and prefrontal 
cortex appear to serve working (short-term) memory, with different parts specialized for 
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briefly maintaining either verbal, object pattern, or spatial location information.  The 
prefrontal cortex is also strongly implicated in strategic aspects of performance and 
memory (Bower, 2000).  Historically, it has been recognized that there are hemispheric 
differences in auditory and visual memory processing, with verbal memory being 
predominantly processed in the left temporal lobe structures and visual/perceptual 
memory being processed predominantly in the right hemisphere, however as can be seen 
in the previous paragraphs findings are not consistent in the literature in this regard (The 
Psychological Corporation, 1997).  Nonetheless, generally the left temporal and parietal 
lobes are especially implicated in verbal memory and the right parietal cerebral cortices 
are especially implicated in visual memory (Kolb & Whishaw, 1991; Awh et al., 1996).   
Neuropsychological Support for Visual and Verbal Memory as Separate Constructs 
Memory and learning measures have long been used to help determine modality 
strengths and weaknesses, and lateralized findings for those with strokes, TBI, seizures, 
learning disabilities, epilepsy, and other neurological or psychiatric impairments (The 
Psychological Corporation, 1997).  The neuropsychological approach includes 
interpreting and summarizing data in a way that is consistent with neuropsychological 
theories of brain-behavior relationships, (Michaels, Lazar, & Risucci, 1997).  A 
neuropsychologist seeks to understand specific cognitive processes (e.g., attention, 
abstract reasoning, memory, language skills, spatial skills, executive functioning, motor 
skills, and personality) to identify strengths and weaknesses.  In terms of memory, they 
often assess working memory, visual recall, verbal recall, recognition, and immediate 
versus delayed memory effects.   
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There is evidence for the presence of distinct visual and auditory memory 
channels.  For example, studies from temporal lobe epilepsy patients post lateral surgery 
show modality (auditory versus visual) effects.  In one study patients who had undergone 
right hemisphere surgery displayed a lower visual mean index (relative to auditory) on 
the WMS, whereas the left-hemisphere patients displayed a lower auditory index mean 
(than visual) (Hawkins, 1998).  Both groups displayed low Visual Index means, which 
supports the contention that visual indices are sensitive to brain damage generally.  
Similarly, another study found that patients with left hemisphere dominance and left 
temporal lobe epilepsy had higher nonverbal than verbal memory scores, whereas those 
with right temporal lobe epilepsy had higher verbal than nonverbal memory capacity 
(Kim et al., 2003).  In another study patients who had a left-hemisphere dominance for 
speech, were administered a battery of memory tests pre-surgery and post-surgery.  Men 
treated with a left temporal resection declined significantly in delayed verbal memory, 
whereas women improved post-operatively on nonverbal memory tests; their memory 
tests were poor prior to surgery (Bjornaes et al., 2005). 
A literature review involving Attention Deficit-Hyperactivity Disorder in adults 
found that across studies these individuals had problems with attention, executive 
functioning, auditory list learning, and complex information processing speed (Woods, 
Lovejoy, & Ball, 2002).  With regard to memory, four studies out of five studies found 
those with ADHD had significantly lower scores than controls on the California Verbal 
Learning Test (CVLT), and two out of three studies found they score significantly lower 
on WMS-R Logical Memory than controls.  Roth et al. (2004) found that adults with 
ADHD in comparison with controls had significantly lower scores on the CVLT total 
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number correct, number correct at the short delay, and number correct at the long delay.  
Another study found that adults with ADHD in comparison to controls scored 
significantly lower on the WMS-R Logical Memory I, Logical Memory II, and Visual 
Reproduction II (Johnson et al., 2001).  However, they made note that other studies have 
not replicated the results finding that adults with ADHD score lower on Visual 
Reproduction.  According to the review paper by Woods, Lovejoy, and Ball (2002), only 
one out of three studies found that individuals with ADHD perform significantly lower 
on Visual Reproduction.  Therefore, overall adults with ADHD have been found to score 
lower on verbal memory tests than on visual memory tests.   
In addition to the area of epilepsy and ADHD, atypical memory patterns have 
been observed across other populations as well.  Nonverbal memory, as opposed to 
verbal memory, has been found to be adversely affected in children, ages 10-16, with 
cystic fibrosis (Bacon, 2000).  In addition, patients with Alzheimer’s disease showed a 
greater decline in verbal memory over visual memory (Janowsky, Carper, & Kaye, 1996).  
Researchers have also looked at psychiatric populations with regard to memory modality 
and effects.  One such study found memory deficits for visual memory and variable 
verbal memory deficits for people with schizophrenia (Landro et al., 2001).   
Thus, due to findings showing lateralized patterns with regard to the brain, and 
atypical learning and memory patterns for those with cystic fibrosis, seizures, and other 
neurological problems, this supports that visual and verbal learning and memory patterns 
are indeed separate constructs (Lezak, 1995).  Also, Wong and Gilpin (1993) stated that 
“memory and factor analytic studies of various memory tests have supported the 
contention that memory processes can be categorized as verbal or nonverbal (visual)” (p. 
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847).  For example, Wong and Gilpin (1993) conducted a study to examine the empirical 
status of separate verbal and nonverbal factors on the WMS-R.  They included subtests of 
the Luria-Nebraska Neuropsychological Battery (LNNB-II) that were thought to involve 
verbal and visual processes as well to add further support to their data.  A priori they 
categorized tests and scales as being: verbal (WMS-R, Logical Memory, Verbal Paired 
Associates; LNNB-II Receptive Speech, and Reading); nonverbal (WMS-R Figural 
Memory; Visual Paired Associates, Visual Reproduction; and LNNB-II Visual 
Processes); and mixed (LNNB-II Memory and Intellectual Processes).  They found that 
the data did support the idea that there are two distinct types of memory, verbal and 
visual, as these were found to cluster separately when subjected to hierarchical clustering 
analysis.  The only scale that did not cluster within the expected category of mixed, 
verbal, or visual was WMS-III Visual Paired Associates.   Thus, Wong and Gilpin (1993) 
found that hierarchical clustering indicated that three of the four tests classified a priori as 
nonverbal comprise a distinct cluster and the remainder constitute a verbal cluster.  
Therefore, this study supported that there are two distinct types of memory, visual and 
verbal.   
Intra-Individual Variability with Memory Measures and Possible Implications 
Some researchers have argued that most cognitive abilities should be 
approximately equal and reflect a general cognitive factor among normal individuals 
(Spearman, 1904).  While others, such as E.L Thorndike, Lay and Dean (1909), argued 
that ability differences (scatter) are normal in healthy individuals.  These two divergent 
theoretical perspectives still exist today, however it is likely that Spearman’s assertion 
still holds greater weight among most neuropsychologists.  As can be seen from the 
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previous sections, memory performance has been used to support atypical and abnormal 
brain activity rather than normal brain activity (Lezak, 2005).  Supporting the possibility 
that intra-individual variation is normal, Hawkins and Tulsky (2003) wrote, “the 
existence of discrete ability factors indicates that within-individual ability discrepancies 
naturally occur; virtually all normal individuals display relative strengths and 
weaknesses” (p.215).  In addition, “differences between the auditory and visual indices 
may indicate lifelong strengths and weaknesses or acquired deficits in new learning and 
memory processes when information is presented in different modalities (Hawkins and 
Tulsky, 2003, p.237).  Therefore, these researchers support the idea that it is normal to 
potentially display strengths and weaknesses, however they do elaborate that the degree 
of difference could potentially indicate if the integrity of the brain is compromised. 
Is there empirical evidence of intra-individual variation for normals with regard to 
memory performance?  This issue is the crux of this study.  The WMS-III is one of the 
only battery of memory measures that provides base rate discrepancy data between verbal 
and visual memory.  Therefore, of primary interest with regard to the WMS-III is the 
degree of base rate discrepancy between Auditory and Visual Indices.  One issue to 
consider when evaluating intra-individual variation with regard to base rates are 
potentially confounding variables that could affect the degree of the difference between 
subtest scores.  For example IQ, level of education, race, and age, though not gender, 
have been found to be important and potentially confounding variables with regard to 
memory capacity, which if not taken into account would result in some people appearing 
to have inflated or deflated scaled scores and index scores  (Heaton, Taylor, & Manly, 
2003; Hawkins & Tulsky, 2003).   In other words, average (or even higher) scores could 
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represent a deficit in some individuals, while low scores do not always represent a 
decline in individuals.  Several studies have found that there is greater variability between 
verbal and visual indices as people age (Devolder, 1991).  The WMS-III appendices 
include normative information stratified by age, although scores are not available in the 
WMS-III appendices as to a subject’s performance given IQ.   However, there are studies 
that have assessed variability within the normative sample when controlling for IQ.  For 
example, Hawkins and Tulsky (2003) indicated that the higher the intelligence level the 
more likely larger discrepancies will occur; this is especially true for those at the highest 
end of the spectrum.  Hawkins and Tulsky (2003) noted that although the effects of IQ on 
discrepancy magnitude is typically modest, as the FSIQ-GMI (Full Scale IQ – General 
Memory Index) have a correlation of .60, “IQ level can exert a profound effect on 
discrepancy direction” (p. 225).  Thus, because IQ can exert an effect regarding 
differences between verbal and visual indices, the current study assessed the degree to 
which IQ influenced memory performance, and controlled for this variable when 
possible. 
 Within the WMS-III Administration and Scoring Manual (Psychological 
Corporation, 1997a) there is age-related base rate data included in the appendices.  These 
tables show that in order for there to be a significant difference with alpha at the .05 level 
between the Auditory Immediate and Visual Immediate Indices within the 18-19 year old 
age group there needs to be a 15.3 standard score split, and a 14.7 standard score split for 
those 20-24 years old.  These tables also show that in order for there to be a significant 
difference of with alpha at the .05 level between the Auditory Delayed and Visual 
Delayed Indices that there needs to be a 16.9 standard score split and 16.1 standard score 
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split between the two indices for the 18-19 and 20-24 year old age groups, respectively.  
Thus, there needs to be approximately a 1 standard deviation difference between the 
Verbal and Visual Immediate or Delayed Indices for the age-groups of interest to show a 
significant verbal or visual strength.  Similar findings are found for all participants, 
ranging in age from 16-89 years old, for there to be a .05 level of significance difference 
between the Auditory Immediate and Visual Immediate Indices there needs to be a split 
of 14.5 standard scores, or roughly a 1 standard deviation difference.  For all participants, 
ranging in age from 16-89 years old, for there to be a .05 level of significance difference 
between the Auditory Delayed and Visual Delayed Indices, there needs to be a split of 
16.3 standard scores, or again roughly 1 standard deviation difference.   
Unfortunately, there is no information provided in any studies or in the WMS-III 
Administration and Scoring Manual (Psychological Corporation, 1997a) as to cumulative 
percentages of different age groups for the standardization sample and difference scores 
between the indices of interest.  Therefore, it is not known within the college age-group 
the proportion of people that show a significant difference between the indices of interest.  
However, as shown above, there is information regarding the sample as a whole, that is 
the 16-89 age group.  Therefore, it was reported that 38.4% of the entire standardization 
sample had a 1 standard deviation difference between their Auditory Immediate and 
Visual Immediate Indices.  It was reported that approximately half of the sample had a 1 
standard deviation strength favoring their Auditory Immediate Memory Index and half of 
the sample had a 1 standard deviation favoring their Visual Immediate Memory Index 
(Psychological Corporation, 1997b).  It was reported that 32.4% had a 1 standard 
deviation difference between their Auditory Delayed and Visual Delayed Indices.  It was 
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reported that approximately half of the sample had a 1 standard deviation strength 
favoring their Auditory Delayed Memory Index and half of the sample had a 1 standard 
deviation favoring their Visual Delayed Memory Index (Psychological Corporation, 
1997b). Thus, when evaluating the WMS-III base rate data, it appears that roughly one 
third of the normative standardization sample show a verbal or visual learning modality 
strength at the immediate and delayed intervals.  There has never before been a study that 
uses base rates and cumulative percentages from the WMS-III to support there being 
divergent verbal and visual memory differences in normals; the present study attempts to 
rectify this. 
Construct Validity of Family Pictures versus Visual Reproduction and the BVMT-R 
Though the WMS-III shows that approximately one third of the population shows 
LMS, there are problems with the WMS-III.  The WMS-III Auditory Immediate and 
Delayed Memory Indices are comprised of Logical Memory and Verbal Paired 
Associates I and II.  The Visual Immediate and Delayed Memory Indices are comprised 
of Faces and Family Pictures I and II.  Family Pictures is a relatively new test, and has 
been included as a primary subtest within the WMS-III, however it was not in the WMS-
R (Lezak, 2004).  This subtest involves looking at four pictures for 10 seconds each, and 
the objective is to recall the characters, position of the characters in the picture, and what 
the characters are doing.  Dulay et al. (2002) found that Family Pictures relies heavily on 
both visual and auditory components, and therefore may better represent a general 
memory ability.  In a stepwise regression they found that Logical Memory II accounted 
for 30.8% of the variance for Family Pictures II, whereas the Warrington’s Recognition 
Memory Test for Faces and Benton’s Visual Retention Test only accounted for 3.9% and 
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3.1% of the variance respectively.  Sherman et al. (2003) conducted a factor analytic 
study of the WMS-III in patients with temporal lobe epilepsy.  They stated that Family 
Pictures “is clearly not an exclusively visual memory task in that it requires patients to 
verbally recall as well as visually encode the picture contents” (p.61). 
Visual Reproduction, which is included in the WMS-III though is not used to 
calculate the visual indices, is very similar to the BVMT-R in that the subject is shown 
figures separately for ten second periods and immediately after asked to draw those 
figures.  After a 25-30 minute delay they are asked to draw the figures again.  The 
difference between the BVMT-R and Visual Reproduction is that for the BVMT-R the 
subject is shown six figures on one card at three different intervals; thus there is a 
learning component built into the BVMT-R that does not exist for Visual Reproduction.  
Both tests consist of an immediate and delayed memory component.  Heilbronner, Buck, 
and Adams (1989) found that Visual Reproduction I and II load on a factor with 
purported nonverbal memory tests and two Performance subtests from the Wechsler 
Intelligence Scales.  Larrabee et al. (1985) found very similar results, however in the 
factor analysis of delayed memory, Visual Reproduction II loaded more heavily on the 
visual memory factor and less on visual-perceptual-motor ability.  Wong and Gilpin 
(1993) found via a cluster analysis that Visual Reproduction clustered in a visual memory 
cluster rather than a verbal memory cluster.  In a study by Benedict et al. (1996) the 
BVMT-R was found to correlate strongly with the Hopkins Verbal Learning Test 
(HVLT), Visual Reproduction, and Complex Figure Test –Recall, and very weakly 
correlate with a verbal fluency task (i.e., FAS).  The fact that the BVMT-R correlated 
with the Hopkins Verbal Learning Test could be interpreted as indicating that memory 
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abilities assessed by the BVMT-R are not particularly specific; however, a factor analysis 
showed that the HVLT and BVMT-R loaded on separate factors.  Thus, the authors stated 
that “these analyses support the inference that the BVMT-R does indeed measure visuo-
spatial learning and memory with a reasonable degree of specificity” (p. 151).  
Unfortunately there are no studies that directly compare the specificity of the BVMT-R 
or Visual Reproduction with Family Pictures directly.  Nonetheless, it appears from the 
above cited studies that the BVMT-R and Visual Reproduction are better at measuring 
visual memory than Family Pictures.   
Rationale for Present Study 
In the educational literature it is widely asserted that people have learning 
modality strengths that are either visual or verbal (e.g., Dunn & Dunn, 1978; Barbe & 
Milone, 1981).   However, studies of self-report measures assessing learning styles do not 
support that these measures have good validity or reliability, therefore the proportion of 
individuals that have LMS is not known.  Neuropsychological memory measures have 
never been used for the purpose of evaluating LMS in normal individuals, however they 
have good validity and reliability.   Thus, the first hypothesis of the study addressed 
assessing the proportion of normal individuals that do indeed have dominant (visual or 
verbal) LMS.  The WMS-III Administration and Scoring Manual shows that of the 
normative sample, 38.4% of subjects have a significant difference between their Visual 
and Auditory Immediate Memory Indices, and 32.4% have a significant difference 
between their Visual and Auditory Delayed Memory Indices.  This then supports that 
approximately one third of the population have visual or verbal learning modality 
strengths.  However, one problem with the WMS-III is that one of the two memory 
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measures included in the WMS-III Visual Memory Index, specifically Family Pictures, 
has been found to be comprised of both verbal and visual components.  Also, only 
immediate recall, delayed recall, and verbal learning are reflected by the WMS-III 
Immediate and Delayed Memory Indices.   
Therefore, an alternate neuropsychological battery was constructed for the current 
study that utilizes a more thorough assessment of memory types, including visual and 
auditory learning, working memory, immediate recall, and delayed recall.  The BVMT-R, 
a visual measure used in the present study, has been shown in a factor analytic study to 
load on a visual memory factor, therefore it is likely that there will be a greater difference 
between verbal and visual immediate or verbal and visual delayed memory tests in the 
present study than shown in the WMS-III.  Thus, it was hypothesized that with this 
battery a greater proportion of individuals, than that shown in the WMS-III discrepancy 
base rate data, would be found to have LMS.  The Chosen Memory Measures (CMM) for 
this study were tests from the Wechsler Memory Scale-III (Logical Memory, Word Lists, 
Digit Span, Spatial Span, and Faces), and the Brief Visual Memory Test-Revised 
(BVMT-R).   
The second hypothesis addressed whether the LET-II verbal and auditory subtests 
have construct validity for measuring auditory and visual memory.  Only one previous 
study has addressed this issue.   The CMM were used to assess whether the LET-II 
auditory and visual subtests measure auditory and visual constructs.  Due to the fact that 
both the CMM and the LET-II have been found to evaluate visual and auditory memory, 
it was likely that the CMM visual and verbal subtests would be predictive of the LET-II 
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visual and auditory subtests respectively.  Also, that the CMM visual and verbal subtests 
would not be predictive of the LET-II auditory and visual subtests respectively.      
Hypotheses of the Present Study 
First Hypothesis 
      The first hypothesis was that the verbal and visual memory tests selected for this 
study would result in a higher and more accurate proportion of individuals being 
identified as having verbal or visual memory strengths than is reported in the WMS-III 
Administration and Scoring Manual (Psychological Corporation, 1997a).  Hypothesis 1a 
was that there would be a significantly greater number of people from the present data set 
that would have a difference of 1 standard deviation between their verbal and visual 
immediate memory scores than was reported in the WMS-III.  Hypothesis 1b was that 
there would be a significantly greater number of people shown to have a difference of 1 
standard deviation between their verbal and visual delayed memory scores than was 
reported in the WMS-III.   
Second Hypothesis 
The second hypothesis of the study was to establish the validity of the LET-II 
with the chosen neuropsychological verbal and visual memory tests.  It was hypothesized 
that certain subsets of tests would or would not be significant and independent predictors 
of each of the LET-II subscales (auditory and visual).  Eight regression analyses were 
run.  There were four sub-hypotheses related to convergent validity: 2a) that the tests 
assessing immediate verbal memory (Digit Span, Logical Memory I Total, and Word 
Lists I) would be significant and independent predictors of the LET-II auditory test; 2b) 
that the tests assessing delayed verbal memory (Logical Memory II and Word Lists II) 
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would be significant and independent predictors of the LET-II auditory test; 2c) that the 
tests assessing immediate visual memory (Faces I, BVMT-R Total, and Spatial Span) 
would be significant and independent predictors of the LET-II visual test; 2d) that the 
tests assessing delayed visual memory (Faces II, and BVMT-R Delayed) would be 
significant and independent predictors of the LET-II visual test.  There were four sub-
hypotheses related to divergent validity: 2e) that the tests assessing immediate verbal 
memory (Digit Span, Logical Memory I Total, and Word Lists I) would not be significant 
and independent predictors of the LET-II visual test; 2f) that the tests assessing delayed 
verbal memory (Logical Memory II and Word Lists II) would not be significant and 
independent predictors of the LET-II visual test; 2g) that the tests assessing immediate 
visual memory (Faces I, BVMT-R Total, and Spatial Span) would not be significant and 
independent predictors of the LET-II auditory test; 2h) that the tests assessing delayed 
visual memory (Faces II, and BVMT-R Delayed) would not be significant and 
independent predictors of the LET-II auditory test.   
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CHAPTER 3. METHOD 
Participants 
All participants (71 participants) were recruited from undergraduate classes at 
Drexel University during the spring and fall terms of 2006.   Participants were recruited 
from three separate classes, namely two Introduction to Psychology classes and one 
Cognitive Psychology class.  All participants were assigned a subject number for 
confidentiality purposes.   
There was a two step process for screening participants.  Participants were 
informed of the inclusion and exclusion criteria during class.  There were two inclusion 
criteria: 1) English had to be their primary language, 2) Students must have completed 
one full semester of classes.  Students of all ages within the college community were 
included.  With regard to exclusion criteria, participants were informed that unfortunately 
due to the nature of the study they could not participate if they are deaf or blind.   
Measures 
  Measures and forms used in the present study included a general information 
form (demographic and educational information), Health Information Form, memory 
assessment measures otherwise known as CMM (WMS-III Logical Memory, WMS-III 
Word Lists, WMS-III Digit Span, WMS-III Spatial Span, WMS-III Faces, and BVMT-
R), an educational measure to assess LMS (the LET-II), and an intelligence measure 
(WASI).   Participants’ identification numbers were used for confidentiality purposes on 
all measures and forms. 
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Memory Assessment Measures 
In order to fully evaluate memory, several known constructs of memory were 
evaluated.  Memory measures were chosen based primarily on whether they were 
assessing several known types of visual and auditory memory (i.e., working memory, 
immediate recall, delayed recall, and learning).  By assessing several different forms of 
visual and auditory memory there was a greater likelihood of finding a difference 
between the LMS groups (i.e., finding distinct verbal, visual and mixed learning groups).  
The measures used to assess visual memory were the Faces subtests and Spatial Span 
subtests from the WMS-III and the Brief-Visual Memory Test-Revised.  The measures 
used to assess auditory memory include Word Lists, Digit Span, and Logical Memory 
from the WMS-III. 
Auditory Memory Test Selection: Memory Constructs Assessed 
To measure immediate and delayed memory for stories, Logical Memory I and Logical 
Memory II from the WMS-III were selected.  Immediate, delayed memory, and learning 
for lists were assessed with Word Lists I and Word Lists II from the WMS-III. Digit Span 
was administered from the WMS-III to assess for verbal span and working memory.   
Subtest portions were chosen on the basis that the same memory domains were assessed 
proportionately for both the visual and auditory tests (e.g., visual immediate memory and 
auditory immediate memory).  Table 2 provides all of the subtests and portions of 
subtests that, unless otherwise noted, that were included in these analyses. 
Visual Memory Test Selection: Memory Constructs Assessed 
Visual memory tests selected include the Brief Visual Memory Test-Revised, to assess 
for immediate and delayed memory for figures.  Immediate and delayed facial 
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recognition memory was assessed with the Faces subtests from the WMS-III.  Spatial 
working memory and spatial span were assessed with Spatial Span from the WMS-III. 
Table 2 provides all of the subtests and portions of subtests that, unless otherwise noted, 
that were included in these analyses. 
WMS-III: Logical Memory.  
Logical Memory was chosen as a memory test for this study because it is a 
listening task presented in story form, and in this way is distinct from the other auditory 
memory tasks presented to the participants.  Logical Memory I consists of reading a short 
story to the subject (Story A), and then asking them “tell me everything you can 
remember about this story.  Start at the beginning.”   For each item of the story a subject 
recalls, he/she receives an additional point, with a total of 25 “story unit” points possible.  
Story B is then read twice, and data are gathered as to the individual’s recall at both time 
points.  The number of potential “story unit” points is 25 after each reading of Story B.  
After a 25-30 minute delay Logical Memory II is administered and the subject is asked 
“Do you remember the stories I read to you a little while ago?  I want you to tell me the 
stories again.  Tell me everything that you can remember about the first story.  Start at the 
beginning.”  A specified reminder can be given to the subject if they do not recall any 
details of the stories.  The same number of “story unit” points are possible to attain as 
with Logical Memory I.  The Logical Memory I Total Score was generated by summing 
the recall total units for both Story A and Story B.  Logical Memory II score was 
generated by summing the recall total units for both Story A and Story B.  Subtest total 
scores were then converted to scaled scores.  Only immediate (Logical Memory I) and 
delayed subtest (Logical Memory II) scores were used for the analyses. 
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WMS-III: Word Lists. 
 Word Lists was chosen as a test because unlike Logical Memory it assesses 
memory for non-contextual auditory information, and unlike Digit Span it assesses recall 
for words and not digits.  Thus, it was chosen because it provides a type of learning that 
is unique from either Logical Memory or Digit Span.  It also is the only auditory measure 
that includes several repeated trials.   
 For the Immediate Recall section of the Word Lists subtest participants are read a 
list of twelve unrelated words over four repeated trials and between each trial participants 
are asked to name as many items as they can recall.  After the four trials, an interference 
list is read that consists of twelve words.  Following the interference list individuals are 
asked to supply all of the words they can recall from the first list.  The Delayed Recall 
section of the Word Lists subtest is given after a 25 to 30 minute delay, at which time the 
participants are again asked to supply as many words as they can from the first list.  
Scaled scores were generated from the total scores for Word List I and Word List II.  
Only the immediate (Word List I) and delayed subtest (Word List II) scores were used in 
the analyses. 
WMS-III: Digit Span. 
 Digit Span assesses immediate memory and working memory for non-contextual 
auditory information.  Digit Span Forwards assesses immediate auditory memory for 
digits.  For this test the subject is read strings of numbers that become successively longer 
by one digit after each alternate item (i.e., 1-6; 6-3, 5-8-2), which the subject then has to 
repeat in a precise error-free way after hearing them.  When the subject is unable to recall 
two sets of digits that are of the same length (i.e., 1-6; 6, 3) Digit Span Forward is 
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discontinued and Digit Span Backwards is then administered.  Digit Span Backwards 
assesses auditory working memory and mental control.  For Digit Span Backwards 
individuals are read strings of numbers that also become successively longer by one digit 
after each alternate item.  For this latter task participants are requested to repeat the digits 
back to the tester in the reverse order (i.e, if the subject heard 2-4 the subject then says 4-
2).  When the subject fails to repeat two sets of digits backwards that are of the same 
length Digit Span Backwards is then discontinued.  Only the Digit Span Total Score was 
used in the analyses. 
WMS-III: Spatial Span. 
 The WMS-III Spatial Span is a visual analogue to the WMS-III Digit Span Test.  
It assesses immediate sequential visual memory with the Spatial Span Forward task and 
visual working memory and mental control with the Spatial Span Backwards task.  The 
primary reason this task was chosen for this study was because it is a difficult task to 
verbally mediate.  The Spatial Span features 10 cubes, with numbers 1-10 printed on 
them, which face the examiner and are imbedded in specific locations on the board.  For 
Spatial Span Forward, the examiner taps specific cubes in a specific order and the 
examinee has to copy the examiner exactly.  For Spatial Span Backward the subject again 
copies the examiner, but then has to repeat the sequences in the reverse order. For both 
Spatial Span Forward and Spatial Span Backward the subject discontinues the test when 
he/she has two failed trials of the same length.   Only the Spatial Span Total score was 
used in the analyses. 
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WMS-III: Faces. 
 The Faces immediate and delayed subtests were chosen for this study because 
they provide a measure of visual memory that is distinct from design memory or spatial 
memory, which are being assessed with the BVMT-R and Spatial Span subtest 
respectively.  Though the Faces subtests are found to have low correlations with other 
visual memory tests they are the only known tests to localize to the right hemisphere 
(Psychological Corporation, 1997), which has been associated to a much greater degree 
with visual memory and visual processing.  Therefore, facial memory tests are thought to 
assess a type of visual memory that other visual memory tests are not able to measure.   
 The Faces Memory Test is a recognition test for which the subject is shown 24 
faces individually, with an exposure for each face of two seconds.  The subject is then 
shown 48 faces individually and asked to respond “yes” if the face was in the first group 
of faces shown or “no” if it was not in the first group of faces shown.  After a twenty-five 
to thirty minute delay the subject is shown the 48 faces individually and again asked to 
identify which 24 faces were in the first group shown.   Only immediate (Faces I) and 
delayed scores (Faces II) were used in the analyses.   
Standardization, Validity and Reliability of the Wechsler Memory Scale- III. 
Portions of the Wechsler Memory Scale – Third Edition (WMS-III), including 
Logical Memory, Word Lists, Digit Span, Faces, and Spatial Span were used in the 
present study.   The WMS-III has been found to have discriminant validity for assessing 
memory deficits in a wide range of populations, such as those with Alzheimer’s disease, 
Huntington’s disease, Parkinson’s disease, traumatic brain injury, multiple sclerosis, 
temporal lobe epilepsy, alcoholism, schizophrenia, mental retardation, Attention-Deficit/ 
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Hyperactivity Disorder, and learning disabilities (The Psychological Corporation, 1997).  
The WMS-III normative sample is excellent and well-stratified (Lichtenberger, Kaufman, 
and Lai, 2002).  The normative sample consisted of 1032 participants and the age range 
was from 16-89 years of age, with 100 participants in all age range groups (i.e., 100 
participants in age groups 18-19, 20-24, and 25-29).  The sample was divided into 
thirteen age groups, most of which have an average IQ of 100.  The sample age groups 
matched census data with regard to ratio of men to women (i.e. 50/50 in younger age 
groups), ethnicity, educational level, and general geographic region in the United States.  
Participants were excluded if they had neurological or psychiatric histories.   
The psychometric qualities of the WMS-III are included among its major 
strengths (Lichtenberger; Kaufman, and Lai; 2002).  Internal consistency reliability 
coefficients for all subtests range from .70s to .90s (Psychological Corporation, 1997).  
With regard to validity, the evidence for convergent validity is good as the WMS-III has 
moderate to high correlations with other memory measures, such as the CVLT, 
MicroCog, and Rey-O.  In terms of construct validity, the indices were not based on a 
factor analysis.  Rather the indices were constructed on the basis of “clinically 
meaningful aspects of clinical memory assessment.”   Since the publication of the WMS-
III, Burton et al. (2003) have supported that the tests load on four factors, namely an 
auditory factor, visual memory factor, and working memory factor, and also an additional 
learning factor.   
Brief Visuospatial Memory Test –Revised (BVMT-R) 
 The BVMT-R subtest (Benedict, 1997) was included as an indicator of visual 
memory.  The BVMT-R was modeled on the Visual Reproduction test from the WMS-
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III.  The primary way it differs from Visual Reproduction is that it includes three learning 
trials.  The reason this test was chosen for this study was to counterbalance the learning 
trial aspect of two verbal memory measures selected for this study, and because none of 
the other visual memory measures included a learning trial component.  This test was 
also chosen for this study because it assesses memory for figural stimuli, which none of 
the other visual memory tests included in this study evaluate.  Also, this test was selected 
because it was normed on well educated group of individuals, which indicates that this 
test has a higher ceiling than some other visual memory tests.  Finally, the BVMT-R was 
selected because, unlike the WMS-III Visual Reproduction, it includes a greater number 
of designs to recall (6 rather than 5), which indicates again that there is a higher ceiling 
than for Visual Reproduction.   
 The BVMT-R measures immediate and delayed memory and recognition of 
figural stimuli. There are six equivalent forms (Form 1 through Form 6), however only 
Form 1 was used for this study as there was no need for alternate forms.  The instrument 
is appropriate for ages 18 years through 79 years. Each of the form cards contains 6 
figures presented separately. The individual is exposed to each of the form cards for 
exactly 10 seconds, the stimuli are then removed, and the individual is then instructed to 
draw as many of the figures he or she can remember in their correct location on the 
Response Form. The Delayed Recall Trial follows Trial 3 after a 25-minute delay. Raw 
scores for Trials 1, 2, and 3 were calculated based on accuracy and location of the 
drawing and these were converted to T-scores.  Both the BVMT-R Total score and 
BVMT-R Delayed score were converted from T-scores to scaled scores.  Only the 
BVMT-R Total Score and BVMT-R Delayed score were used in the analyses. 
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Standardization, Validity and Reliability of the BVMT-R. 
 The BVMT-R (Benedict, 1997) was the only CMM included in the current study 
that is not a part of the WMS-III.  The normative sample for the BVMT-R consisted of 
588 participants. The sample was primarily from the northeast region of the United 
States, highly educated, mostly white, and mostly women. The effects of age, gender, and 
educational level on BVMT-R performance of the participants were examined as part of 
the development of the normative sample. Years of education and gender were not 
significant predictors of BVMT-R performance, but age was found to be a significant 
predictor. Thus, demographically corrected norms are based on age. There are 28 
separate overlapping midpoint age group tables in the norms.  
 With regard to reliability, in order to estimate inter-rater reliability, the test author 
and two advanced undergraduate research assistants judged 282 protocols of randomly 
selected participants drawn from normal and patient groups.  Inter-rater reliabilities for 
Form 1, the form used in the present study, Total Recall and Delayed Recall were 
excellent (correlations were all .97 or .98).  Form 1 had good temporal stability for Total 
Recall (.86) and Delayed Recall (.87). Test-retest reliability was adequate when the data 
were considered across all forms and based on the entire 71 participants (rs: Trial 1 = .60, 
Trial 2 = .70, Trial 3 = .84, Total Recall = .80, and Delayed Recall = .79).   
 With regard to the validity of the measure, the BVMT-R was effective in 
discriminating between normal control individuals and patients with HIV patients with 
minor cognitive-motor disorder, HIV-1 patients with associated dementia complex, 
patients with primary progressive dementia (Alzheimer's dementia, vascular or mixed 
dementia), and patients with anterograde amnesia (Benedict et al., 1996). There were 
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significant differences between the groups on BVMT-R measures and they were in the 
expected direction. The BVMT-R has also been found to be more highly correlated with 
the other visuospatial memory and visuospatial construction tests than with the 
expressive language tests (Benedict, 1997).  This demonstrates that the BVMT-R has 
good construct validity. 
  Educational Assessment Measure 
The Learning Efficiency Test-II (LET-II; Webster, 1998) 
The LET-II was chosen, because it is one of the only known measures to evaluate 
auditory and visual strengths in normal individuals, and only one study by the authors has 
tested it in terms of its construct validity (Webster, 1998).  Thus, the second hypothesis of 
this study concerned using neuropsychological memory measures, that have good 
construct validity, for assessing the construct validity of the LET-II.  For this study the 
LET-II auditory subtest total and LET-II visual subtest total were used in analyses. 
The LET-II is a norm-referenced test of visual, auditory and general memory 
appropriate for individuals from 5 to 75 years of age.   Norms for the LET-II are based on 
a combined sample of roughly 1,150 examinees. The LET-II is comprised of an auditory 
subtest and visual subtest.  The auditory subtest is comprised of reading strings of letters 
(i.e., L-F) to participants, which become progressively longer in length.  After the subject 
is read the string of letters once he/she is asked to count (i.e., 1-10 or 2-12) and then 
asked the string of letters again.  Then they are asked to repeat a short sentence and then 
asked the string of letters again.  The subject is then given a longer string of letters to 
recall.  The test is discontinued when the subject makes an error after two trials of 
    
 
47
 
repeating the letters aloud.  The visual analogue to the auditory subtest is exactly the 
same with the exception that the subject views the letters rather than hearing them. 
The LET-II thus reportedly measures ordered and non-ordered retention of visual 
and auditory input in three time frames: (a) immediate, no interference; (b) short-term 
memory, brief delay with an interference task (counting by ones between specified 
numbers 10 places apart); and (c) “long-term memory”, another brief delay with a 
different interference task (i.e., repeating a 6-9 word sentence). The LET-II author 
(Webster, 1998) claims the interference tasks is approximate to typical classroom 
interference. In addition, the test is described as identifying the student's (a) learning style 
(visual or auditory), (b) immediate memory capacity, (c) short term memory capacity, 
and (d) transfer ability between short and long-term memory.  The administration time is 
10 to 20 minutes. The purported strengths of the LET-II include (a) easy administration 
and scoring, (b) a high degree of face validity, and (c) statistically significant predictive 
validity (Webster, 1992).  
Other Measures 
     The WASI (Wechsler Abbreviated Scale of Intelligence, PsychCorp, 1999) and a 
Health Information Form were included and used to assess for potential variables with 
regard to whether they significantly correlated with memory ability.  The WASI was used 
to assess IQ, as intelligence has been found to be moderately correlated with memory and 
learning (Alexander & Smales, 1997).  A Health History form was included to assess 
informally as to psychiatric or medical problems that may interfere with memory.    Both 
psychiatric (e.g. depression, ADHD, LD) and medical disorders (e.g., epilepsy) have been 
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found to affect memory modality performance (Landro et al., 2001; Kim et al. 2003).  For 
this reason, psychiatric and medical history were considered as potential variables.   
The Wechsler Abbreviated Scale of Intelligence (WASI) 
       The WASI is a brief measure of intelligence and is comprised of four subtests, 
Matrix Reasoning, Block Design, Similarities and Vocabulary (Psychological 
Corporation, 1999).  A Full Scale IQ can be acquired from Matrix Reasoning and 
Vocabulary alone; therefore, in the interest of time these two subtests alone were 
administered.    The WASI can be used for ages 6 through 89.  Each age group (i.e. 17-
19, 20-24) within the normative sample was comprised of 100 individuals.  There is 
adequate convergent validity with the WAIS-III with regard to Full Scale IQ; however, 
this is not so with regard to Verbal IQ, which has been found to be significantly elevated 
in comparison to the Verbal IQ obtained from the WAIS-III.   Furthermore, Performance 
IQ has also been found to diverge, though not significantly, from that of the Performance 
IQ attained from the WAIS-III (Axelrod, 2002).  Therefore, in this study participants only 
received a Full Scale IQ scores and not a Performance or Verbal IQ score.  The 
individual subtests from the WASI have been found to have good test retest reliability 
(above .80).  Matrix Reasoning and Vocabulary were used to obtain a Full Scale IQ score 
for analyses. 
Demographic Information 
Demographic information was collected on a Demographic Information form 
created by the investigator.  This form is included in the Appendix B, Form 2.  The 
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following demographic information was collected from the subject: name, gender, age, 
date of birth, ethnicity, dominant handedness, current year in school, and major.   
Health Information Form 
The Health Information Form is included in Appendix A, Form 3.  As previously 
stated both medical and psychological history needed to be assessed as they could 
potentially affect memory performance.  Therefore, among other questions, participants 
were asked if they had ever experienced loss of consciousness or been diagnosed with a 
learning disability or Attention-Deficit Hyperactivity Disorder.  ADHD was not screened 
for in the present study due to the fact that not all studies have found learning modality 
differences in this group of individuals.  However, following recruitment a series of 
analyses were conducted to evaluate if there were differences between the ADHD group 
and other participants within this study, since 10 of the 71 subjects reported having been 
diagnosed with ADHD.    
Procedure 
Approval of the full study protocol by the Institutional Review Board (IRB) at 
Drexel University was obtained before participant recruitment.  For all students enrolled 
in both Introduction to Psychology classes and the Cognitive Psychology classes offered 
in the spring and fall semesters of 2006, graduate psychology students from Drexel 
University briefly described the study at the beginning of the term.  In accordance with 
departmental policy, students received 2 extra credit points for participation in the study, 
and had the option of participating in the study or an alternate extra-credit project.  The 
graduate research assistant informed students in the class that: 1) it was a study 
concerning learning; 2) about potential risks (time it will take to participate-1.5 hours); 3) 
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about inclusion criteria (English must be their first language and students must have been 
enrolled for at least one semester); and 4) as to exclusion criteria (e.g. if they are blind or 
deaf, then unfortunately they would not be able to participate in the study).   
Students were informed that they could participate in an alternative extra-credit 
project in lieu of the study.  The alternative extra-credit project entailed watching a short 
film and writing a five page paper about it.  Both the extra-credit project and study took 
the participants approximately the same amount of total time, which was 1.5 hours 
altogether.   
Following admission to participation, the students who agreed to participate were 
e-mailed to enquire about a suitable time when they would be able to come in for the 
study.  If they did not respond via e-mail, they were followed up with a phone call.  On 
the day that each subject arrived for testing the subject was asked to sign the consent 
form.  They then were administered the tests in one of two orders (please see Appendix 
A, Form 1), as this would ensure that test order did not influence their performance on 
tests.  They were administered the memory tests, LET-II, Health Information 
questionnaire, and Demographic questionnaire according to whether they were meant to 
be administered the tests in Order A or Order B.  The testing session was conducted by 
either a graduate research assistant trained in neuropsychological testing or the 
investigator in the psychology department building at Drexel University.  Tests were 
administered in two separate orders, with the primary aim of alternating the visual and 
auditory test presentation.   
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Statistical Analyses 
Power Analyses 
Power analyses for the first and second hypotheses were calculated using 
standards outlined by Cohen (1992).  The first hypothesis involved two chi-squares and 
the second hypothesis involved four regression analyses.  The first chi-square (hypothesis 
1a) had two variables (i.e., a mean of the immediate verbal memory scaled scores and a 
mean of the immediate visual memory scaled scores), therefore the degrees of freedom 
was equal to 1.  The alpha was set at .05.  Power was set at .80.  The effect size was 
estimated based on the fact that according to the WMS-III Administration and Scoring 
Manual (1997a) the difference between the Verbal and Visual Immediate or Delayed 
Indices is .38. Cohen (1992) specified that a medium effect size for a chi-square is equal 
to .30.  Therefore, a medium effect size was estimated.  Per the article by Cohen (1992) a 
sample size of 87 was needed for the first chi-square.  The second chi-square (hypothesis 
1b) had two variables (i.e., a mean of the delayed verbal memory scaled scores and a 
mean of the delayed visual memory scaled scores), therefore the degrees of freedom was 
equal to 1.  The alpha was set at .05.  Power was set at .80.  The effect size was estimated 
based on the fact that according to the WMS-III Administration and Scoring Manual 
(1997a) the difference between the Verbal and Visual Delayed Indices is .32.  Therefore, 
a medium effect size was estimated.  Thus, per the article by Cohen (1992) a sample size 
of 87 was needed for the second chi-square.  Therefore, a total of 174 participants was 
needed for the analyses.   
For the power analysis related to the second hypothesis, there is no information 
obtainable regarding the degree to which the LET-II auditory or visual subtests correlate 
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with other visual or auditory memory subtests.  Therefore, the effect size was based on 
WMS-III data.  The LET-II auditory subtest is somewhat similar to Digit Span, but rather 
than recalling a string of digits said aloud the participant needs to recall a string of letters 
said aloud.  Also, the LET-II auditory subtest more closely resembles immediate memory 
tests than delayed memory tests, as it has a delay of only a minute or two.  Therefore, the 
effect size was based on Digit Span from the WMS-III and the degree to which it 
correlates with other verbal subtests that assess immediate memory.  Within the 16-29 
age-group, Digit Span has an r=.30 with Logical Memory I, r=.20 with Verbal Paired 
Associates I, and r=.24 with Word Lists I (Psychological Corporation, 1997b).  
According to Cohen (1992) for a multiple regression, r=.15 is medium and r=.35 is large.  
Therefore a medium effect size was estimated for the degree to which the LET-II 
auditory subtest would correlate with verbal subtests from the CMM.   Power was set at 
.80 and alpha was set at .05 for the first two regression analyses.  Given that for 
hypothesis 2a 6 independent variables were used, 97 participants were needed (Cohen, 
1992).  For hypothesis 2b, given that 3 independent variables were used, 76 participants 
were needed (Cohen, 1992).   
For hypotheses 2c and 2d, again there is no data concerning the LET-II visual 
subtest and correlations with other memory measures, which would provide information 
regarding effect size for the LET-II Visual subtest.  The LET-II visual subtest most 
closely resembles Spatial Span from the WMS-III, however rather than recalling a series 
of locations, the LET-II Visual subtest requires participants need to recall a string of 
letters shown to them.  Also, the LET-II Visual subtest seems to be measuring immediate 
memory more than delayed memory, as there is no delayed component that spans more 
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than a minute or two.  Therefore, Spatial Span was used to calculate the effect size and it 
was compared with other visual subtests that measure immediate memory.  Within the 
16-29 age-group Spatial Span has an r=.06 with Faces I, r=.20 with Family Pictures I, 
and r=.40 with Visual Reproduction (Psychological Corporation, 1997b).  Per Cohen 
(1992) a medium effect size for a multiple regression has an r=.15.  Therefore, the effect 
size was estimated to be medium, as that would be conservatively between the 
correlations Spatial Span has with Visual Reproduction I and Faces I.  Power was set at 
.80 and alpha was set at .05, for the second two regression analyses.  For hypothesis 2c 4 
variables were used, therefore 84 participants were needed (Cohen, 1992).  And for 
hypothesis 2d 2 variables were used, therefore 67 participants were needed (Cohen, 
1992).  Therefore, the total number of participants needed to find statistically significant 
results for the regression analyses would be 324 participants.  A total of 71 participants 
were recruited for this study; however, as shall be shown later some participants were 
excluded to maintain the integrity of the study. 
Preliminary Analyses 
Analyses on LD/ADHD, LOC, Gender, IQ and Tester 
 With the exception of the power analyses all statistics were conducted using SPSS 
Version 14.0.  Three separate MANOVAs were run on LD/ADHD to evaluate if they 
performed differentially in comparison to the rest of the participants on the WMS-III 
memory tests chosen, BVMT-R, or LET-II.  If found to perform significantly differently 
on the aforementioned tests they would be excluded from subsequent analyses.  Three 
separate MANOVAs were run on LOC to evaluate if these individuals, in comparison to 
the rest of the participants (excluding the LD/ADHD participants), performed 
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significantly differently on the WMS-III memory tests chosen, BVMT-R, or LET-II.  If 
found to perform significantly differently on the aforementioned tests the LOC group 
would be excluded from subsequent analyses.  MANOVAs were run on gender 
(excluding the LD/ADHD participants) for the WMS-III memory tests chosen, BVMT-R, 
and LET-II.  If the different genders were found to perform significantly differently on 
memory tests, gender would be included as an independent variable in regression 
analyses.  A Pearson Correlation was run on IQ to evaluate if it significantly correlated 
with any of the CMM or LET-II tests.  If this was found to be, IQ would be included as 
an independent variable in regression analyses.   
 Tester (i.e., who had administered the tests to participants) was thought to be a 
potentially confounding variable, given that the testers were trained but inter-rater 
reliability was not established.  Thus, MANOVAs were run on the WMS-III data, 
BVMT-R, and LET-II data, excluding the LD/ADHD participants.  If tester was found to 
be significantly correlated with any of the CMM or LET-II then tester would be included 
as an independent variable in regression analyses.  MANOVAs were also run on the 
WMS-III data, BVMT-R, and LET-II for the LD/ADHD participants’ data to evaluate if 
they performed differentially on testing due to tester related differences.  These two 
analyses are included directly below. 
MANOVAS on Testers for Normal Population (Excluding LD/ADHD Group). 
Three separate MANOVAs were run on the testers with regard to performance on 
the WMS-III, BVMT-R, and LET-II data.  This group of MANOVAs was run on the 
normals only.  For the MANOVA on the WMS-III data, Tester A tested 9 people; Tester 
B tested 28 people, and Tester C tested 19 people, for a total of 56 people.  Overall, there 
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was a significant difference between tester (F(16, 94)=1.895, p=.030).  When specific 
tests were evaluated in terms of significance there were several findings.  There were 
found to be significant differences between testers for Logical Memory I [F(2, 
53)=6.576, p=.003], Logical Memory II [F(2, 53)=3.363, p=.042], and also Word Lists II 
[F(2, 53)=5.402, p=.007].  Table 3.1 includes results from the MANOVA on the testers 
and WMS-III memory measures.  A post-hoc Scheffe’s test, evaluating which testers 
scored differently, found that there was a significant difference between testers B and C 
on Logical Memory I (mean difference=2.14, p=.007) and also for Word List II Total 
(mean difference=1.90, p=.019), with Tester B having the higher mean score for both 
tests administered.  The post-hoc Scheffe’s test approached significance for tester related 
differences for Logical Memory II between Testers B and C (mean difference =  1.58, p = 
.102).  Similarly, Tester B had the higher mean score than Tester C on Logical Memory 
II.  There was not a significant difference between Tester A (the author of this 
dissertation) and either Testers B or C on any tests administered.   
For the MANOVA on the BVMT-R data, Tester A tested 9 participants; Tester B 
Tested 30 participants, and tester C tested 19 participants.  Overall, there was not a 
significant difference between the testers (F(4, 110)=1.959, p=.106).  The statistics for 
individual subtests of the BVMT-R and the Testers are presented in Table 3.2. 
With regard to the MANOVA run on the LET-II, Tester A tested 9 participants; 
and Tester B tested 27 participants, Tester C tested 19 participants.  Overall, there was 
not a significant difference between the groups [F(4, 104)=.829, p=.510].  The statistics 
for individual subtests of the LET-II for the testers are presented in Table 3.3. 
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MANOVAs on Testers for LD/ADHD Group. 
Three separate MANOVAs were run on the testers with regard to performance on 
the WMS-III, BVMT-R, and LET-II data.  This series of analyses only included the 
LD/ADHD group.  For the MANOVA on the WMS-III data, Tester A tested 3 people; 
Tester B tested 5 people, and Tester C tested 3 people; for a total of 11 people.  Overall, 
there was not a significant difference between testers (F(16, 4)=.795, p=.673).  The 
results of this MANOVA are in Table 4.1.  For the MANOVA on the BVMT-R data, 
Tester A tested 3 participants; Tester B tested 5 participants, Tester C tested 3 
participants; for a total of 11 participants.  Overall, there was not a significant difference 
between the testers (F(4, 16)=1.827, p=.173).  Upon closer analysis, there was a 
significant difference between testers on BVMT-R Delay (F(2, 8)=4.984, p=.039), 
however a post-hoc Scheffe’s test did not reveal significant differences between testers.  
The results of this MANOVA are in Table 4.2.  With regard to the MANOVA run on the 
LET-II, Tester A tested 3 participants; Tester B tested 4 participants, and Tester C tested 
3 participants; for a total of 10 participants.  Overall, there were no significant differences 
between the groups [F(4, 14)=.2.898, p=.061].  The statistics for individual subtests of 
the LET-II for the testers are presented in Table 4.3. 
Statistical Approach to First and Second Hypotheses 
Statistical Approach to First Hypothesis 
 Scaled scores were derived based on the normative sample provided by the WMS-
III (The Psychological Corporation, 1997, 2002) and BVMT-R manuals (Benedict, 
1997).  Scaled score averages and difference scores were rounded to the nearest tenth 
placement, because it was thought that this would produce more specific results than 
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rounding to the nearest whole number.  Thus, for Hypothesis 1a participants received 
scaled scores for verbal memory tests, specifically Logical Memory I, Digit Span, and 
Word Lists I.  These were then averaged to comprise an immediate verbal memory score 
that was rounded to the nearest tenth placement.  Participants also received scaled scores 
related to visual memory, specifically for the BVMT-R Total, Spatial Span, and Faces I 
subtests.  These were then averaged to comprise an immediate visual memory score that 
was then rounded to the nearest tenth placement.  The averages of the immediate verbal 
scores were then subtracted from the visual scores, so that each individual had a 
difference score between these two domains, which was a scaled score difference score 
rounded to the nearest tenth placement.  Participants were categorized as verbal learners 
if they had a minimum of a 3 scaled score difference favoring the verbal memory tests, 
and in the tables the scaled scores are negative numbers.  Participants were categorized as 
mixed-learners if they had less than a 3 scaled score difference between their verbal and 
visual memory scores, thus their scores could range from -2.9 to 2.9.  Participants were 
categorized as visual learners if they had a minimum of a 3 scaled score difference 
favoring the visual memory tests, thus they had positive scores of 3 or above. 
For Hypothesis 1b participants received scaled scores for verbal memory tests, 
including Logical Memory II and Word Lists II.  These were then averaged to comprise a 
delayed verbal memory score that was rounded to the nearest tenth placement.  
Participants also received scaled scores related to visual memory, specifically the BVMT-
R Delayed and Faces II subtests.  These were then averaged to comprise the delayed 
visual memory score that was rounded to the nearest tenth placement.  The averages of 
the delayed verbal scores were then subtracted from the visual scores, so that each 
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individual had a difference score between these two domains, which was rounded to the 
nearest tenth placement.  Participants were categorized as verbal learners if they had a 
minimum of a 3 scaled score difference favoring the verbal memory tests, and as the 
verbal scores were subtracted from the visual scores these resulted in negative numbers.  
Participants were categorized as mixed-learners if they had less than a 3 scaled score 
difference between their verbal and visual memory scores, thus their scores could range 
from -2.9 to 2.9.  Participants were categorized as visual learners if they had a minimum 
of a 3 scaled score difference favoring the visual memory tests, resulting in positive 
scores of 3 or above.   
Chi-squares were then run in order to evaluate if the scaled score differences (i.e., 
visual immediate mean – auditory immediate mean or visual delayed mean – auditory 
delayed mean) would be significantly greater than the expected scores derived from the 
WMS-III Administration and Scoring Manual (1997).  For the chi-squares those found to 
have a verbal or visual LMS (3 standard deviation or greater) were included in one group.  
Those found to have a mixed LMS were placed in another group.  Thus, in SPSS, based 
on the WMS-III Administration and Scoring Manual (Psychological Corporation, 1997a), 
for the first chi-square, evaluating immediate memory scores, 61.6 and 38.4 were entered 
as the expected scores for the mixed and modality groupings.  For the second chi-square, 
evaluating delayed memory scores, based on the WMS-III Administration and Scoring 
Manual (Psychological Corporation, 1997a), 67.6 and 32.4 were entered as the expected 
scores for the mixed and modality groupings. 
 The reasoning behind averaging scaled scores was that some studies have 
averaged scores.  For example Knox et al. (2003) averaged T-scores to obtain composite 
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scores related to immediate and likewise delayed memory, among other composites.  
Also, Logroscino, Kang, and Grodstein (2004) averaged z-scores to obtain a global 
scores that included several types of cognitive and memory tests.  Newcomer and 
Goodman (1975) administered several verbal and visual memory tests and averaged the 
tests from these respective groupings into standard score composites.   
With regard to choosing 1 standard deviation as a threshold for evaluating  
differences between visual and verbal memory scores, several studies have chosen this 
degree of difference when evaluating differences between verbal and visual modalities.  
For example, Massman et al. (1993) categorized patients with Alzheimer’s disease who 
performed at least 1 standard deviation better on the Boston Naming Test than the Block 
Design Test as the high-verbal subgroup, if the pattern was in the reverse direction they 
categorized them as being within the high-visual subgroup, and those that had similar 
standard scores were assigned in the equal subgroup.  Jacobson et al. (2002) and 
Demadura et al. (2001) also used the Boston Naming Test and Block Design Test with 
Alzheimer’s participants, and likewise categorized them in the same way.  Ross, 
Thrasher, and Long (1990) studied individuals with brain lesions and categorized patients 
as having a right hemisphere impairment if they had a greater number of tests that had a 1 
standard deviation difference in the “positive direction” and a left hemisphere impairment 
if they had a greater number of tests with a 1 standard deviation difference in the 
“negative direction.”  Day and Wedell (1972) studied visual and auditory memory in 
spelling, and split participants up into three groups according to whether they had a 1 
standard deviation difference on a visual memory task and a verbal memory task. Also, as 
stated previously, the WMS-III Administration and Scoring Manual (1997a) has tables 
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that show that a 1 standard deviation difference between the Verbal and Visual Memory 
Indices is significant at the .05 level.   In addition, within neuropsychology 1 standard 
deviation is often chosen as a benchmark to identify cognitive weaknesses (Lezak, 1995); 
however, in this study 1 standard deviation was chosen to evaluate for strengths in a 
given memory domain. 
Statistical Approach to Second Hypothesis 
 Linear regressions were run for all of the analyses for the second 
hypothesis.  The first four hypotheses again related to convergent validity for the LET-II.  
For hypothesis 2a, each of the immediate verbal memory scores (i.e., LMI, WLI, and 
Digit Span) and covariates found to significantly correlate with one of those memory 
tests (i.e., IQ, tester, and gender) were entered as independent variables.  The LET-II 
auditory scaled score was entered as the dependent variable.  For hypothesis 2b, each of 
the delayed verbal memory scores (i.e., LMII and WLII) were entered as independent 
variables.  Tester was also included as an independent variable as it was found to be 
correlated with WLII.  The LET-II auditory scaled score was entered as the dependent 
variable.  For hypothesis 2c each of the immediate visual memory tests (i.e., Faces I, 
Spatial Span, and BVMT-R Total) were entered as independent variables.  Gender was 
also entered as an independent variable as it was found to correlate with Faces I.  The 
LET-II visual subtest was entered as the dependent variable.  For hypothesis 2d each of 
the delayed visual memory tests (i.e., Faces II and BVMT-R Delayed) were entered as 
independent variables and the LET-II visual subtest was entered as the dependent 
variable.  Again, the last four hypotheses related to divergent validity.  There were four 
sub-hypotheses related to divergent validity.  For hypothesis 2e, each of the immediate 
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verbal memory scores (i.e., LMI, WLI, and Digit Span) and covariates found to 
significantly correlate with one of those memory tests (i.e., IQ, tester, and gender) were 
entered as independent variables.  The LET-II auditory scaled score was entered as the 
dependent variable.  For hypothesis 2f, each of the delayed verbal memory scores (i.e., 
LMII and WLII) were entered as independent variables.  Tester was also included as an 
independent variable as it was found to be correlated with WLII.  The LET-II auditory 
scaled score was entered as the dependent variable.  For hypothesis 2g each of the 
immediate visual memory tests (i.e., Faces I, Spatial Span, and BVMT-R Total) were 
entered as independent variables.  Gender was also entered as an independent variable as 
it was found to correlate with Faces I.  The LET-II visual subtest was entered as the 
dependent variable.  For hypothesis 2h each of the delayed visual memory tests (i.e., 
Faces II and BVMT-R Delayed) were entered as independent variables and the LET-II 
visual subtest was entered as the dependent variable.  Again, the last four hypotheses 
related to divergent validity.   
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Chapter 4: RESULTS 
Demographic and Descriptive Statistics 
     The goal to recruit 324 participants was not able to be attained.  A total of 71 
participants were recruited.  Descriptive statistics are included in Appendix B, Table 5.  
All participants are included in the descriptive statistics, however information was not 
able to be collected on all students.  Thus, when information was not able to be attained 
this was noted below. 
     As shown, there were three testers (two research assistants and the author of this 
dissertation).  Tester A tested 17%, Tester B tested 50%, and Tester C tested 32% of the 
participants.  Also included are the year in school of each of the participants (67% were 
Freshman; 20% were Sophomores; 6% were Juniors; 7% were Seniors).   Year in school 
was missing for two students.  With regard to participants and their majors, a good 
proportion were Business majors (49.30%), followed by Biology (7.04%) and Finance 
(7.04%).  Those in other majors ranged from 1-3% for each major.  The majority of 
participants were male (58%), while females were in the minority (42%).  With regard to 
ethnicity, the vast majority were Caucasian (75%), followed by Asians (10%); Indians 
(6%); African Americans (6%); while Hispanic, Multiracial or Other only made up 1% of 
the population respectively.  As to be expected the majority of participants were right 
handed (80%), followed by left handed participants (12%) and then ambidextrous 
participants (8%).  Handedness for ten participants was not able to be attained.  With 
regard to the order of the tests administered, 42% received order A while 58% received 
order B.  An exact account of order of tests was not gathered throughout the study, 
therefore there are 38 participants unaccounted for as to what order they received.  Most 
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importantly, whether participants had a history of a learning disability was attained and 
16% (11) of the participants had a history of a learning disability, with almost all of these 
participants self-reporting a diagnosis of ADHD.  Two participants did not report having 
a learning disability or ADHD status.  Thus, 84% (58) of the participants reported no 
learning disability.  Out of all participants, 10% reported they received school 
accommodations, whereas 90% did not receive school accommodations.  Those who 
reported accommodation also had a history of either ADHD or LD.  One subject did not 
report whether he/she received accommodations.  Whether participants had a history of 
loss of consciousness (LOC) was also attained; 83% reported never having had a LOC 
whereas 17% reported at least one LOC.  One subject did not report whether he/she ever 
suffered a LOC.  With regard to medications taken, 92% reported they did not take any 
medications, while 8% reported that they did take medications.  Medications included 
birth control, antidepressants and stimulants.  One subject did not report whether he/she 
took medications.  Concerning medical conditions, 91% reported no medical condition, 
while 9% reported a medical condition of some kind.  One subject did not report whether 
he/she had a medical condition.  Regarding psychological conditions, 87% reported no 
psychological condition, while 13% reported a psychological condition.  Psychological 
conditions included depression or a blood phobia.  One subject did not report whether 
he/she had been diagnosed with a psychological condition.  Alcohol consumption 
amongst participants was attained, with 36% denying any alcohol consumption, 12% 
drinking one drink per week, 10% drinking two drinks per week, 10% drinking three 
drinks per week and 32% drinking four or more drinks per week.  The range of alcoholic 
beverages consumed per week was 0-16 (M=3.36, SD=4.246).  Two participants did not 
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report their alcohol intake per week.  Concerning drug use, 57% admitted to using illicit 
drugs (typically marijuana) within the past year, while 33% did not use illicit drugs at all.  
Fourteen people did not report on their drug use.  The range of age for participants was 
18-26 (M=18.97, SD=1.34).  The range of IQ for participants was 75-131, (M=110.54, 
SD=10.46).   
Preliminary Analyses 
MANOVAs on the LD/ADHD Group Compared to Normals 
Descriptive data regarding test performance are included in Table 6 for the 
population with no history of LD/ADHD, and Table 7 for those who did have 
LD/ADHD. Three separate MANOVAs were run on the LD/ADHD participants 
comparing them to the normals on the WMS-III, BVMT-R, and LET-II.  It was thought 
the LD/ADHD group may have divergent data from the rest of the participants, and 
therefore this population subset would then need to be excluded from all analyses.   
For the MANOVA on the WMS-III data there were 56 participants who did not 
have a history of ADHD or LD, and 11 who proclaimed to have such a diagnosis.  
Overall, there was not a significant difference between the people who had a diagnosis 
from those who did not (F(8, 58)=1.530, p=.167).  However, when specific tests were 
evaluated in terms of significance there were several findings.  Logical Memory I 
approached significance in terms of a difference between the two groups [F(1, 65)=3.855, 
p=.054].  There was found to be significant differences between those reporting 
LD/ADHD and those who did not have such a diagnosis for Logical Memory II [F(1, 
65)=4.543, p=.037] and also Word Lists I Total [F(1, 65)7.676, p=.007].  For Logical 
Memory II the normals had significantly higher scores (M=12.41, SD=2.506) than those 
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with self-reported LD/ADHD (M= 10.64, SD= 2.063).  For Word Lists I Total the 
normals again had significantly higher scores (M=12.38, SD=2.949) than those with self-
reported LD/ADHD (M=9.73, SD=2.149).  Table 8.1 includes all results from the 
MANOVA on the WMS-III memory measures and the LD/ADHD population versus the 
normals. 
For the MANOVA on the BVMT-R data there were 58 participants who did not 
have a history of ADHD or LD, and 11 who proclaimed to have such a diagnosis.  
Overall, there was not a significant difference between the people who had a diagnosis 
from those who did not [F(2, 66)=2.967, p=.058)].  However, when specific tests were 
evaluated in terms of significance the BVMT-R Delay was found to differ significantly 
between groups [F(1, 67)=5.987, p=.017].  On the aforementioned subtest, the mean test 
score was higher for the group with no history of LD/ADHD (M=9.59, SD=3.19) in 
comparison to the group who self-reported such a diagnosis (M=7.0, SD=3.347).  Table 
8.2 includes results from the MANOVA on the BVMT-R for the LD/ADHD population 
versus the normals. 
With regard to the MANOVA run on the LET-II.  As said above, four participants 
were missing from this data set, thus there were 55 who reported no LD/ADHD and 10 
who did report the diagnosis.  Overall, there were no significant differences between the 
groups [F(2, 62)=.751, p=.476].  The statistics for individual subtests of the LET-II for 
the LD/ADHD group versus normals are presented in Table 8.3.   
MANOVAs on LOC Group Compared to Normals, Excluding LD/ADHD Group 
Descriptive data regarding memory performance for the LOC group (excluding 
the LD/ADHD group) are included in Table 9.  Three separate MANOVAs were run on 
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the LOC participants’ performance in comparison to the normals’ performance for the 
WMS-III, BVMT-R, and LET-II.  If there was found to be a significant difference 
between the normals and LOC group, the latter would be excluded or controlled for in 
subsequent analyses.   
For the MANOVA on the WMS-III data there were 47 participants who did not 
have a history of LOC, and 9 who proclaimed to have had LOC.  Overall, there was not a 
significant difference between the people who had a LOC and those who did not (F(8, 
47)=.833, p=.578).  None of the individual subtests approached significance.  Table 10.1 
includes all results from the MANOVA on the WMS-III memory measures and the LOC 
group versus the normals. 
For the MANOVA on the BVMT-R data, there were 49 participants who did not 
have a history of LOC, and 9 who proclaimed to have such a diagnosis.  Overall, there 
was not a significant difference between the people who had an LOC from those who did 
not (F(2, 55)=.849, p=.433).  Neither of the individual subtests were found to approach 
significance.  Table 10.2 includes results from the MANOVA on the BVMT-R for the 
LOC group versus the normals. 
For the MANOVA run on the LET-II, overall, there was a significant difference 
between the groups [F(2, 52)=3.240, p=.047].  However, when evaluating whether there 
were differences between groups on individual measures, there were no significant 
differences between groups.  The MANOVA on the LET-II for the LOC group versus 
normals is presented in Table 10.3.   
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MANOVAs on Gender, Excluding LD/ADHD Group 
MANOVAs were run to explore whether gender was a variable that would need 
to be controlled for in the regression analyses.  Tables 11 and 12 show the memory test 
data and LET-II data for the women and men. 
For the MANOVA on the WMS-III data, there were 25 women and 31 men 
included in the analysis. Overall, there was a significant difference between women and 
men on their WMS-III test performance (F(8, 47)=3.368, p=.004).  When specific tests 
were evaluated in terms of significance, there were found to be significant differences 
between women and men for Word List I [F(1, 54)=6.284, p=.015] and also Faces I [F(1, 
54)6.991=p=.011].  Women had significantly higher scores than men for Word List I 
(M=13.27, SD=3.027 vs.  M=11.66, SD=2.719).  They also had significantly higher 
scores for Faces I than men (M=10.88, SD=3.103 vs. M=9.31, SD=1.491).  Table 13.1 
includes results from the MANOVA on the WMS-III memory measures and the women 
versus the men. 
For the MANOVA on the BVMT-R data there were 26 women and 32 men.  
Overall, there was not a significant difference between women and men on the BVMT-R 
(F(2, 55)=.152, p=.859).  Table 13.2 includes results from the MANOVA on the BVMT-
R for the women versus the men. 
For the MANOVA on the LET-II data there were 24 women and 31 men included 
in this analysis.  Overall, there were no significant differences between the groups      
[F(2, 52)=.164, p=.850].  The statistics for individual subtests of the LET-II for the 
LD/ADHD group versus normals are presented in Table 13.3.   
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Pearson Correlation for IQ and Measures, Excluding LD/ADHD Group 
  IQ was entered into a Pearson Correlation to evaluate if it correlated significantly 
with any of the memory tests or the LET-II tests.  There were 58 participants included in 
this analysis.  IQ was found to significantly correlate with Digit Span (r(58)=.282, 
p=.032), but did not correlate significantly with any of the other tests.  Please refer to 
Table 14 for the results of this analysis.   
Pariticipant Populations: Inclusion and Exclusion in Analyses 
As previously stated in the literature review, it is not uncommon for ADHD 
participants to perform lower on verbal memory (i.e., list learning, Logical Memory) 
testing than normals.  Those with learning disabilities and/or ADHD have been found to 
score differentially from normals on memory testing (Lezak, 1995).  Within this study the 
LD/ADHD group were comprised of 10 people with ADHD and 1 with a learning 
disability.  Though the overall F for all MANOVAs comparing the LD/ADHD group to 
the normals were not significant, it is likely that if there were more participants in the 
LD/ADHD group the overall F statistic would have been significant.  It is worth noting 
that the LD/ADHD were found to score lower on three of the memory tests: Word Lists I, 
Logical Memory II, and the BVMT-R Delay.  Also, of note the WMS-III normative 
sample did not include people with neurological conditions, or psychiatric conditions, 
such as ADHD, in their analyses.  Therefore, given that the ADHD population in this 
study had scores that were significantly lower on three of the memory tests, and that these 
findings were in concordance with what has been found in the literature concerning 
ADHD, and also that the WMS-III normative data set excluded those with ADHD, the 
decision was made to exclude this subset of participants from all subsequent analyses. 
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Participants who reported loss of consciousness were included in all analyses, due 
to the fact that it was not reported what type of loss of consciousness they actually 
experienced, and they did not score significantly differently on the memory tests from the 
normals.  Also, though overall they did score significantly differently from the normals 
with regard to their overall F for the LET-II scores, MANOVA results from their 
individual LET-II scores did not show significant differences.   
Additionally, one person with an IQ of 75 was excluded from all subsequent 
analyses.  Another participant was excluded from analyses due to his/her not reporting 
whether he/she had a history of LD or ADHD.   
Therefore, the following analyses included a range of 55-58 participants 
depending on whether they were administered given subtest.  As said above 58 
participants participated in all memory tests, however only 56 were administered the 
Spatial Span subtest (due to tester error).  For the LET-II 56 participants were 
administered the LET-II visual subtest and 55 were administered the LET-II verbal 
subtest (due to tester error). 
Variables Needed to Control for in Regression Analyses 
When gender was examined in relation to the major dependent variables, overall 
there was a significant difference between the genders on performance on the WMS-III 
memory tests; specifically, there were a significant differences between the genders on 
Word Lists I and Faces I.  Women had significantly higher scores on Faces I and Word 
Lists I than men.  Thus, in subsequent analyses gender was included as a control variable 
in regressions for which Word Lists I or Faces I were included.  Due to the finding that 
IQ was significantly correlated with Digit Span, IQ was also included as a control 
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variable for the regression that included Digit Span as an independent variable.  As a 
result of tester differences being found for Logical Memory I, Logical Memory II and 
Word Lists II, in subsequent analyses tester was included as a control variable in 
regressions for which either of these tests were included. 
First Hypothesis and Statistical Results 
      The first hypothesis was that the verbal and visual memory tests selected for this 
study would result in a higher proportion of individuals being identified as having verbal 
or visual memory strengths than is reported in the WMS-III Administration and Scoring 
Manual.  Hypotheses 1a and b regard the normal population and exclude the LD/ADHD 
group.  Hypothesis 1a was based on the WMS-III Administration and Scoring Manual 
(Psychological Corporation, 1997), which indicates that 38.4% of the population have a 1 
standard deviation difference between their Visual and Auditory Immediate Memory 
Indices.  Hypothesis 1a was that there would be a significantly greater number of people 
from this data set that had a difference of 1 standard deviation between their verbal and 
visual immediate memory scores than what was reported from the WMS-III.  Descriptive 
statistics for verbal and mixed memory modalities and memory measures are included in 
Table 15.1.  The standard deviation for the difference between the verbal and visual 
immediate subtest scores was 1.63 scaled scores.  There were 44 mixed learners, 12 
verbal learners, and no visual learners.  The results show that actually significantly less 
people than expected had a verbal or visual memory strength, X2 (1, N = 56) = 6.819, p = 
.009.  Additional chi-square results are reported in Table 15.2.  Thus, rather than 
significantly more than 38.4% of people having been found to have a learning modality 
strength, only 21% had a learning modality strength. 
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 Hypothesis 1b was based on the WMS-III Administration and Scoring Manual 
(Psychological Corporation, 1997), which indicates that 32.4% of people have a 1 
standard deviation difference between their Visual and Auditory Delayed Memory 
Indices.  Hypothesis 1b was that there would be a significantly greater number of people 
that had a difference of 1 standard deviation between their verbal and visual delayed 
memory scores than what was reported from the WMS-III.  This analysis also excluded 
the LD/ADHD group.  Descriptive statistics are included in Table 15.3.  The standard 
deviation for the difference between the verbal and visual delayed subtest scores was 2.16 
scaled scores. There were 34 mixed learners, 24 verbal learners and 1 visual learner.  The 
results show that the hypothesis was not confirmed that significantly more people had a 
verbal or visual memory strength, X2 (1, N = 58) = 2.135, p = .144.  Additional chi-square 
results are included in Table 15.4.  Thus, the hypothesis was not confirmed that a 
significantly greater proportion of people than 32.4% would be found to have a learning 
modality strength; the total percent was actually 42% of people who had a verbal or 
visual learning modality strength.   
   Second Hypothesis and Statistical Results 
The second hypothesis of the study was to establish the construct validity of the 
LET-II with the chosen neuropsychological verbal and visual memory tests.  It was 
hypothesized that certain subsets of tests would be significant and independent predictors 
of each of the LET-II subscales (auditory and visual).  Four regression analyses were run.  
There were four sub-hypotheses. 
Hypothesis 2a was that the tests assessing immediate verbal memory (Digit Span, 
Logical Memory I Total, and Word Lists I) would be significant and independent 
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predictors of the LET-II auditory test.  IQ, gender and Tester were entered as independent 
variables in this analysis, due to IQ having been significantly correlated with Digit Span, 
gender differences being found for Word Lists I, and tester differences being found for 
Logical Memory I.  In a linear regression the predictor variables accounted for 24.2% of 
the variance in the LET-II auditory subtest.  The overall regression equation indicated 
that the immediate verbal memory tests were significant predictors of the LET-II auditory 
subtest, r(52)=.492, p=.038.  With all variables held constant only Digit Span was found 
to be a significant and independent predictor of the LET-II auditory subtest (b=.799, 
S.E.=.311, p=0.014, 95% C.I.=.173-1.425).  Please refer to Table 16.1 for results of this 
regression.  
Hypothesis 2b was that the tests assessing delayed verbal memory (Logical 
Memory II and Word Lists II) would be significant and independent predictors of the 
LET-II auditory test.  The Tester variable was also entered as an independent variable as 
tester differences were found for Word Lists II.  In a linear regression the resulting 
equation accounted for 11.3% of the variance in the LET-II auditory subtest.  The overall 
regression equation indicated that the delayed memory verbal tests were not significant 
predictors of the LET-II auditory subtest, r(52)=.336, p=.115.  With all variables held 
constant only LMII was found to be a significant and independent predictor of the LET-II 
auditory subtest (b=.790, S.E.=.352, p=0.029, 95% C.I.=.082-1.497).  Please refer to 
Table 16.2 for the results of the regression. 
Hypothesis 2c was that the tests assessing immediate visual memory (Faces I, 
BVMT-R Total, and Spatial Span) would be significant predictors of the LET-II visual 
test.  Gender was also included as an independent variable, as gender differences were 
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found for the Faces I subtest.  In a linear regression the resulting equation accounted for 
2% of the variance in the LET-II visual subtest.  The overall regression equation 
indicated that the immediate visual memory tests were not significant predictors of the 
LET-II visual subtest, r(54)=.133, p=.992.  None of the subtests were found to be 
significant and independent predictors of the LET-II visual subtest.  Please refer to Table 
16.3 for the results of the regression. 
Hypothesis 2d was that the tests assessing delayed visual memory (Faces II, and 
BVMT-R Delayed) would be significant predictors of the LET-II visual test.  In a linear 
regression the resulting equation accounted for 3% of the variance in the LET-II visual 
subtest.  The overall regression equation indicated that the delayed visual memory tests 
were not significant predictors of the LET-II visual subtest, r(55)=.183, p=.404.  Again, 
none of the subtests were found to be significant and independent predictors of the LET-
II visual subtest.  Please refer to Table 16.4 for the results of the regression. 
Hypothesis 2e was that the tests assessing immediate verbal memory (Digit Span, 
Logical Memory I Total, and Word Lists I) would not be significant and independent 
predictors of the LET-II visual test.  IQ, gender and Tester were entered as independent 
variables in this analysis, due to IQ having been significantly correlated with Digit Span, 
gender differences being found for Word Lists I, and tester differences being found for 
Logical Memory I.  In a linear regression the predictor variables accounted for 24.7% of 
the variance in the LET-II visual subtest.  The overall regression equation indicated that 
the immediate verbal memory tests were significant predictors of the LET-II auditory 
subtest, r(55)=.2.686, p=.025.  With all variables held constant only Digit Span was 
found to be a significant and independent predictor of the LET-II visual subtest (b=1.012, 
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S.E.=.299, p=0.001, 95% C.I.=.412-1.611).  Please refer to Table 16.5 for results of this 
regression.  
Hypothesis 2f was that the tests assessing delayed verbal memory (Logical 
Memory II and Word Lists II) would not be significant and independent predictors of the 
LET-II visual test.  The Tester variable was also entered as an independent variable as 
tester differences were found for Word Lists II.  In a linear regression the resulting 
equation accounted for 1% of the variance in the LET-II auditory subtest.  The overall 
regression equation indicated that the delayed memory verbal tests were not significant 
predictors of the LET-II visual subtest, r(55)=.231, p=.875.  With all variables held 
constant none of the individual verbal memory tests were found to be significant and 
independent predictors of the LET-II visual subtest.  Please refer to Table 16.6 for the 
results of the regression. 
Hypothesis 2g was that the tests assessing immediate visual memory (Faces I, 
BVMT-R Total, and Spatial Span) would not be significant predictors of the LET-II 
auditory test.  Gender was also included as an independent variable, as gender differences 
were found for the Faces I subtest.  In a linear regression the resulting equation accounted 
for 7% of the variance in the LET-II auditory subtest.  The overall regression equation 
indicated that the immediate visual memory tests were not significant predictors of the 
LET-II auditory subtest, r(53)=.845, p=.503.  None of the subtests were found to be 
significant and independent predictors of the LET-II auditory subtest.  Please refer to 
Table 16.7 for the results of the regression. 
Hypothesis 2h was that the tests assessing delayed visual memory (Faces II, and 
BVMT-R Delayed) would not be significant predictors of the LET-II auditory test.  In a 
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linear regression the resulting equation accounted for less than 1% of the variance in the 
LET-II auditory subtest.  The overall regression equation indicated that the delayed visual 
memory tests were not significant predictors of the LET-II auditory subtest, r(54)=.087, 
p=.917.  Again, none of the subtests were found to be significant and independent 
predictors of the LET-II auditory subtest.  Please refer to Table 16.8 for the results of the 
regression. 
Additional Analysis 
 
 Given that for hypothesis 1a only 21% of the group was found to have a LMS 
rather than the assumed greater than 38.4%, an additional analysis was run to evaluate 
this further.  Digit Span and Spatial Span were taken out of the chi-square, because it was 
thought that this would increase power.  The variables included in this analysis were 
chosen because they shared greater similarity with those introduced for the chi-square 
measuring delayed memory.  In addition, Digit Span and Spatial Span have been shown 
to measure attention and working memory (Psychological Corporation, 1997), and 
therefore are likely measuring a different construct than memory.    
 In this chi-square only Logical Memory I and Word Lists I were averaged for the 
immediate verbal memory score.  Faces I and BVMT-R Total were averaged for the 
immediate visual memory score.  The averages and differences between the scores were 
calculated in the same fashion as that described in the Method section.  The standard 
deviation for the difference between the verbal and visual immediate subtest scores was 
2.33 scaled scores.  For this analysis 34 individuals were found to be in the mixed group 
and 22 were found to be in the verbal group.  There were no visual learners.  Thus, 39% 
were found to be verbal learners.  Descriptive statistics are included in Table 17.1.  The 
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results show that the hypothesis that significantly more people would have a verbal or 
visual memory strength than shown in the WMS-III manual was not confirmed, X2 (1, N 
= 56) = .019, p = .892.  Additional chi-square results are reported in Table 17.2.  Despite 
the fact that the hypothesis that more people would have a verbal or visual LMS than 
found in the WMS-III was again not confirmed, it was not found that significantly less 
people had a LMS.   
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Chapter 5: DISCUSSION AND CONCLUSIONS 
Findings 
Learning Modality Strengths 
          When using Digit Span, Logical Memory I, and Word List I to measure immediate 
verbal memory, and Spatial Span, Faces I, and BVMT-R Total to measure immediate 
visual memory only 21% of the population was found to have a learning modality 
strength (LMS).  Thus, 79% of this group learned equally well verbally and visually.  All 
of those with a LMS (21%) were found to be verbal learners.  The reason that such a 
small proportion was found to have a LMS is discussed in the Limitations section below. 
This proportion of individuals found to have a LMS was significantly less than that 
shown in the WMS-III Scoring and Administration Manual (Psychological Corporation, 
1997a), which specifies that 38.4% of the population have a significant difference 
between their Auditory Immediate and Visual Immediate Memory Indices, with 
approximately a 1 standard deviation difference between their scores.   
     When using Logical Memory II and Word List II were used to measure delayed verbal 
memory, and Faces II and the BVMT-R Delay were used to measure delayed visual 
memory 42% of people were found to have a LMS.  The vast majority of these 
individuals (40%) had a verbal LMS, and only 2% had a visual LMS.  This proportion 
(42%) was not significantly different than that shown in the WMS-III Scoring and 
Administration Manual (Psychological Corporation, 1997a), which specifies that 32.4% 
of the population have a significant difference between their Auditory Delayed and 
Visual Delayed Memory Indices, with approximately a 1 standard deviation difference 
between their scores.   
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     An additional analysis was conducted that repeated hypothesis 1a, but excluded 
Spatial Span and Digit Span.  The reasoning behind excluding Spatial Span and Digit 
Span is explained below in the Limitations section.  Thus, Logical Memory I and Word 
List I were used to measure immediate verbal memory and Faces I and BVMT-R Total 
were used to measure immediate visual memory.  It was found that 39% had a LMS 
when using these tests alone, though this was not a significantly greater amount than that 
shown in the WMS-III Scoring and Administration Manual (1997a).  All of those found 
to have a LMS were found to have a verbal LMS.  Thus, the latter two analyses support 
that a good proportion of this particular college population have LMS.   
     There were design issues involved with the first analysis; therefore, that analysis was 
not considered to be a valid indicator of the proportion of individuals that have modality 
strengths.  The latter two analyses cited above suggest that the proportion of individuals 
that show a LMS was not significantly greater than that shown in the WMS-III manual.  
However, if the number of participants had been greater there may have been a 
significantly greater proportion of individuals that showed a LMS for the latter two 
analyses. 
Construct Validity of the LET-II 
     The construct validity of the LET-II was evaluated within this study by comparing it 
to the CMM.  The LET-II auditory subtest was compared to the verbal CMM to 
determine convergent validity.  The LET-II visual subtest was compared to the visual 
CMM to determine convergent validity.  The LET-II auditory subtest was compared to 
the visual CMM to determine divergent validity.  The LET-II visual subtest was 
compared to the verbal CMM to determine divergent validity.  The verbal memory tests 
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assessing immediate memory (i.e., Digit Span, Logical Memory I and Word List I) were 
found overall to be significant predictors of the LET-II auditory subtest.  It is interesting, 
though not surprising, that overall the memory tests assessing delayed verbal memory 
(i.e., Logical Memory II and Word List II) were not found to be significant predictors of 
the LET-II auditory subtest, because the LET-II auditory subtest consists of reciting back 
a string of letters, thus it is very similar to Digit Span.  The only individual subtests that 
were found to be significant and independent predictors of the LET-II auditory subtest 
were Digit Span and Logical Memory II.  The verbal CMM assessing immediate memory 
were found to be significant predictors of the LET-II visual subtest.  Specifically Digit 
Span was again found to be a significant and independent predictor of the LET-II visual 
subtest.  The delayed verbal CMM were not significant predictors of the LET-II visual 
subtest.  Neither of the regression analyses assessing whether the visual CMM were 
significant predictors of the LET-II visual subtest were significant.  Therefore, only the 
LET-II auditory subtest was validated in these analyses, and not the LET-II visual 
subtest.   
Demographics and other Variables of Import 
Learning Disabilities and Attention-Deficit/ Hyperactivity Disorder Group 
     There were 11 participants who had a diagnosis of a LD or ADHD, with 10 of those 
participants having a diagnosis of ADHD.  Several studies show that those with ADHD 
perform more poorly on list learning tasks and Logical Memory than normals (Woods, 
Lovejoy, & Ball, 2002).  Those with ADHD were not excluded from recruitment into the 
present study, because at the time of recruitment it was not known that there was this 
population had a difference between their verbal and visual memory.  However, 
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subsequently, their data was analyzed for group differences from those that did not report 
ADHD.  The overall F statistic was not significant for any of the MANOVAs comparing 
the LD/ADHD group with the normals.  However, if there had been a larger number of 
participants in the LD/ADHD group the overall F statistic may have been significant for 
the MANOVAs comparing the two groups.  Nonetheless, those in the LD/ADHD group 
scored significantly lower from the normals on several tests, including Logical Memory 
II, Word List I, and BVMT-R Delay, with p<.05.  Logical Memory I approached 
significance.  Due to these results being similar to those found in other studies, and also 
given that there was a laterality to these findings with generally verbal memory testing 
for the LD/ADHD group being poorer than the normals, this subset of subjects was 
excluded from all other analyses.   
Loss of Consciousness Group 
     There were 9 people recruited who reported having had at least 1 loss of 
consciousness (LOC).  This group was evaluated in terms of test performance difference 
from the normals, because loss of consciousness is known to be associated with memory 
problems overall (Lezak, 1995).  There were not found to be significant differences 
between the LOC group and the normals on any of the measures.  This group was 
therefore included in all analyses. 
Gender 
     Females and males were compared with regard to test performance.  Overall, on the 
WMS-III tests there was a significant difference between females and males and test 
performance.  With regard to specific subtests, females were found to score significantly 
higher on Word List I and Faces I than men.  There were no sex differences found with 
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regard to test performance on the BVMT-R or LET-II.  Due to these findings, for 
regression analyses that involved validating the LET-II, gender was entered as an 
independent variable for analyses that involved Word List I or Faces I.  
Intelligence Quotient 
     IQ has been found to be correlated with verbal and visual memory differences, with 
those who have higher IQs having a wider range between their verbal and visual memory 
scores (Hawkins & Tulsky, 2003).  Within this study the range of IQ for participants was 
75-131.  The person with the IQ of 75 was excluded from all analyses.  The mean IQ was 
higher than that of the normal population (M=110.54, SD=10.46).  For this reason IQ was 
analyzed concerning the degree to which it correlated with tests administered.  It was 
found to significantly correlate with the Digit Span subtest only; therefore, IQ was 
included within the regression analysis that included Digit Span.   
Tester  
 There were found to be tester related differences in this study, specifically people 
administering the tests were found to have significant differences between resulting 
scores for certain tests administered.  Testers B and C were found to have significant 
differences on subjects’ test scores for Logical Memory I and Word Lists II.  It is worth 
noting that though there were differences between these two testers that there were not 
significant differences between Tester A (the author of this dissertation) and either Tester 
B or C.  Though Logical Memory II was significant a post-hoc Scheffe’s test did not 
suggest there were significant differences between testers for that test.  Due to tester 
related differences being found the variable Tester was entered as an independent 
variable for regression analyses involving either Logical Memory I or Word List II.   
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Limitations 
Power 
 Power was an area of concern with this study.  Given that the WMS-III manual 
suggests that approximately one third of the population should have a difference between 
their auditory and visual indices, a medium effect size was estimated.  According to 
Cohen (1992), for the chi-square analyses that addressed the first hypothesis, a medium 
effect size, an alpha level of .05, and power at 80% would necessitate a sample size of 
174.  Given that only 55-58 subjects were used to address the first hypothesis it is likely 
that had there been a larger sample size, a greater proportion of individuals may have 
been found to have LMS than that shown in the WMS-III manual.  However, 
unfortunately, the number of participants suggested by Cohen (1992) was prohibitive to 
the resources of this study. 
 For the regression analyses that addressed assessing the construct validity of the 
LET-II visual and auditory subtests, a medium effect size was estimated based on 
correlations of Digit Span with other verbal subtests, and Spatial Span with other visual 
subtests.  According to Cohen (1992), for regression analyses involving a medium effect 
size, an alpha level of .05, and power at 80% would necessitate a sample size of 324.  
Given that only 55-58 subjects were used to address the second hypothesis it is possible 
that a greater proportion of individuals would have supported that the LET-II does not 
only measure verbal memory, but also visual memory. 
First Hypothesis and Design of Study 
      One of the primary problems with this study was related to a design issue.  The first 
hypothesis was that a statistically greater proportion of people would be found to have a 
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LMS than is cited in the WMS-III manual.  It was surprising that statistically fewer 
people were found to have LMS.  This may have been the case because the test selection 
was not comparable to the test selection for the delayed measures.  Specifically, it may be 
that Digit Span and Spatial Span should have been excluded, so that the immediate and 
delayed memory test measures more closely mirrored one another.  Spatial Span and 
Digit Span have been found in factor analysis studies to load on working memory (Millis 
et al., 1999), which is a distinctly different construct from auditory or visual memory 
constructs.  The reasoning behind including Spatial Span and Digit Span being included 
was due to some researchers considering working memory to be a type of short-term 
memory (Kandel, Schwartz and Jessel, 2000).  Nonetheless, it may be that these tests 
should have been excluded in addressing the first hypothesis concerning immediate 
memory.  Thus, a third analysis was conducted that excluded Spatial Span and Digit 
Span.  The reasoning behind conducting a third analysis to address the first hypothesis 
was because it was thought that not only were Digit Span and Spatial Span measuring a 
distinctly different construct, but that these additional tests were reducing power and that 
significant results may have been found if they were excluded. 
ADHD Group and Exclusion from the Study 
     In retrospect, given that several studies show that people with ADHD have lower 
scores on verbal learning tests (Woods, Lovejoy, and Ball, 2002), these participants 
should have been screened from the recruitment process.  However, they were recruited 
for the study, because at the time of recruitment it was not known by this author that there 
was a significant difference between verbal and visual memory scores for those with 
ADHD.  MANOVA analyses were run on the ADHD subjects and whether their lower 
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performance on some memory tests was related to Tester related differences.  This was 
not found to be the case however, as the MANOVAs on Tester and ADHD were not 
significant.  Also, none of the testers administered tests to the majority of ADHD 
subjects.  Therefore, one can conclude that the ADHD subjects performed lower on 
Logical Memory II, Word List I, and BVMT-R Delay because of issues related to their 
self-reported diagnosis. 
Paucity of Subjects Found to Have Visual LMS 
     One anomalous finding of this study was that the majority of those found to have LMS 
were found to have verbal LMS.  This is in contrast to WMS-III data, which shows that 
of those that had a statistically significant difference between their Auditory and Visual 
Indices that the split is fairly even between those that have a visual strength and those that 
have a verbal strength.  The reason that so few, and in fact only one visual learner was 
found, is likely due to the nature of the BVMT-R.  The mean test scores for the BVMT-R 
Total and Delay were lower than those of other tests.  Thus, this may be the reason that 
more people with visual LMS were not identified.  Another reason that more verbal 
learners were found in this study in comparison to the WMS-III may have been due to 
tester related differences, as Tester B tested approximately 50% of the population of 
participants, and had significantly higher scores on two memory tests (i.e., Logical 
Memory I and Word List II) than the other testers.  Unfortunately, tester related 
differences could not be controlled for in any way for the chi-square analyses addressing 
the first hypothesis.  Another reason that fewer individuals may have been found to have 
visual LMS, may be due to the nature of the population.  The study was likely missing a 
contingent of visual learners, because most of the participants were business majors and 
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did not major in other areas that are more visual in nature (i.e. visual arts).  Thus, if the 
sample were more representative of the student population more visual learners may have 
been found.     
Implications 
Brain Laterality 
     This study and WMS-III data show that at least one third of the population have a 
LMS, which is defined as a 1 standard deviation difference between verbal and visual 
subset scores.  It is not surprising that a large proportion of the normal population would 
have LMS, given that Baddeley (1990) has hypothesized several modality specific short-
term stores, which store speech-based material and visual-spatial material.  Also, 
Hawkins and Tulsky (2003) wrote, “the existence of discrete ability factors indicates that 
within-individual ability discrepancies naturally occur; virtually all normal individuals 
display relative strengths and weaknesses” (p.215).  The brain is organized in such a way 
that verbal information is generally lateralized in the left hemisphere and visual 
information is generally lateralized in the right hemisphere (Kolb & Whishaw, 1991; 
Awh et al., 1996).  Given that there are these different storage compartments for visual 
and verbal information, it makes sense that some individuals would have a tendency to 
store different types of information with varying degrees of aptitude. 
Teaching Students in Accordance with Dominant LMS 
     This study points to the utility of neuropsychological batteries not just for evaluating 
those with neurological or psychiatric problems, but as a screener for assessing LMS in 
normal individuals.  Either the battery selected for this study or the WMS-III core 
subtests could be used in the future to determine LMS in normal individuals.  In this 
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study it was found that of the college population selected approximately one third had 
verbal LMS.  Given that this proportion were found it may be that those with verbal LMS 
gravitate to college environments.   
      Teachers may find identifying LMS helpful with regard to how to determine their 
teaching styles.  It may be that if students were taught in accordance with their LMS then 
their grades would be higher as a result.  For example, Carbo (1980) found that when 
reading treatments were matched to perceptual learning styles, significantly higher scores 
resulted.  She reported that students with high auditory learning styles learned best 
through auditory presentations.  High visual learned best through visual methods.  
Children with neither auditory nor visual strengths learned to a greater extent through a 
tactile/visual method.  Urbshat (1977) provided instructions to three subgroups based on 
their modality preference.  This research supported that superior significant results 
occurred when a treatment was matched to the appropriate modality.  Hickson, Land and 
Aikman (1994) asserted that research has supported that when students are taught in 
environments with approaches that complement their learning styles they achieve 
statistically higher test scores and attitude scores than when their styles are mismatched 
with the environment. Dunn et al (1989) wrote that experimental research has 
documented that when students are taught in environments, and with approaches that 
complement their learning styles, they achieve statistically significantly higher test and 
attitude scores and demonstrate better behaviors than when their styles are mismatched 
with the environment or teaching approach.   She then supported this assertion in a meta-
analysis she conducted (Dunn et al, 1995) that showed that students who have a strong 
learning style preference show greater academic gains as a result of concordant 
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instructional interventions.  Thus, there is some support that if students are taught in 
accordance with their LMS they have higher grades as a result.   
Future Studies 
The LET-II could be studied again as to its construct validity.  It may be that the 
LET-II does have construct validity for measuring verbal and visual memory, but that the 
sample size used for this study was not sufficiently large enough.  Therefore, another 
study could be conducted that has a larger sample size, and thus verify definitively 
whether the LET-II had construct validity.   
The present study could be replicated, and include only Logical Memory, Word 
Lists, Faces and Visual Reproduction, and exclude tests such as the BVMT-R, Spatial 
Span and Digit Span.  Visual Reproduction has been found to have good validity and 
reliability for measuring visual memory.  Also, Visual Reproduction was normed with the 
other WMS-III memory tests, and therefore the same normative sample was employed as 
with Logical Memory, Word Lists and Faces.  The BVMT-R was normed on a highly 
educated population, and for this reason there may have been somewhat lower scores 
than with the WMS-III memory measures.  Also, as stated previously the reason a 
significantly smaller proportion of individuals were found to have a LMS with tests 
measuring immediate memory was likely due to Spatial Span and Digit Span being 
included, which measure a distinctly different construct (i.e., working memory) from the 
other memory tests selected. 
Another alternative to replicating the current study would be to identify a shorter 
battery for identifying LMS, such as merely using Logical Memory and Visual 
Reproduction.  These tests have been found to load onto verbal and visual memory 
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respectively.  A shorter battery would be less expensive and time consuming to 
administer.   
Researchers in the future may want to use a questionnaire that measures 
preference and use this as a correlational measure against neuropsychological memory 
tests.  This would be a means of validating or invalidating current self-report measures 
that measure preference.  For example, in a recent study Kratzig and Arbuthnott (2006) 
using a sample of college students, compared three neuropsychological instruments, 
measuring visual (Rey-Osterrieth Complex Figure Test), auditory (Babcock Story Recall 
test) and kinesthetic learning (Tactual Performance Test) to the Barsch Learning Style 
Inventory questionnaire.   They found that objective test performance did not correlate 
with the learning style inventory for any of the domains.  As self-report measures are 
generally less time consuming and expensive than administering neuropsychological 
tests, other studies should evaluate the construct validity of self-report instruments for 
measuring LMS.  
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Appendix A: Forms  
 
Form 1: Order of Tests 
 
Order A     Order B 
Demographic Information   Demographic Information   
WASI: Matrices    WASI: Matrices     
WASI: Vocabulary    WASI: Vocabulary 
BVMT-R Trials 1-3    LET-II  
Logical Memory Immediate Recall   Faces Immediate  
Faces Immediate    List Learning Trials 1-4 
List Learning Trials 1-4   Digit Span 
Logical Memory Immediate Recall  BVMT-R Trials 1-3 
Digit Span     Spatial Span 
BVMT-R Delay & Recognition  Logical Memory Immediate Recall 
Logical Memory Delay & Recognition  Faces Delay 
Faces Delay     List Learning Delay & Recognition 
List Learning Delay & Recognition  BVMT-R Delay & Recognition 
LET-II      Logical Memory Delay & Recognition 
Health Information Form   Health Information Form 
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Form 2: Demographic Information  
 
 
 
Subject ID #__________   
 
 
 
Please answer these questions as honestly as possible.   
 
 
Age:_________________________________________ 
Date of Birth___________________________________ 
Year in School__________________________________ 
Major_________________________________________ 
 
Gender:   Male / Female 
 
Ethnicity: (please circle one) Caucasian, Hispanic, Asian, Indian, African American, or 
Other: specify__________  
 
Dominant Handedness: 
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Subject ID #__________   
Form 3: Health Information Form 
 
Please answer these questions as honestly as possible.   
1. Have you ever received the diagnosis of a learning disability or ADHD         yes/no/dk 
If you answered “yes” please specify whether you were diagnosed with a learning 
disability or ADHD, and if you were diagnosed with a learning disability what type. 
 
 
2) Are you presently or have you ever received accommodations (e.g. extended 
    time on tests) in school?  If so, what were the accommodations?   yes/no 
 
 
3) Have you ever lost consciousness at any point in your life (e.g. when playing     
    a football game or while participating in another sport).  If you have lost 
    consciousness, how many times have you lost consciousness?   yes/no 
 
 
4) Are you currently taking any medications for psychiatric reasons (i.e., 
     depression/anxiety) or a medical condition (i.e., diabetes, epilepsy)?         yes/no 
     
     Please specify the name of the medication below and for what it is prescribed.   
 
5) Have you ever been diagnosed with a medical condition  
    (e.g. diabetes, epilepsy)          yes/no 
      
    If your answer was “yes” please specify your medical condition. 
7) Have you ever been diagnosed with a psychological condition?  
    (e.g. depression, anxiety disorder, etc.).        yes/no   
     
    Please specify. 
    Thank you for taking the time to answer these questions.   
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9) How often do you partake in recreational drug use?  Please check off the types of 
drugs you have used recreationally, how frequently, and specify which you have used in 
the past year. 
 
Ever  Past Year 
Marijuana     
Cocaine 
Crack 
Heroin 
Crystal Methamphetamine 
Extacy 
Stimulants (i.e., Ritalin) 
Other__________________ 
 
Thank you for taking the time to answer these questions.  
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Appendix B: Tables 
 
Table 1: Operational Definitions for the Study 
 
Term Operational Definition 
Cognitive Styles “Cognitive Style” is an overarching 
concept and includes highly diverse 
theories as to components that influence an 
individual’s learning.  Cognitive styles 
generally have as their core component 
cognitive aspects, personality aspects or 
activities associated with different learning 
patterns.  
Learning Style There are several learning style theories.  A 
learning style is defined as activities and 
behavior that are associated with a 
particular learning pattern. 
Learning Modality Strengths (LMS) LMS is assessed via a performance based 
measure.  LMS is a subcomponent of some 
learning style theories.  LMS is a 
performance based strength in a given 
modality (i.e., visual, auditory, etc.) 
Learning Modality Preferences (LMP) LMP is assessed with self-report measures. 
LMP is a subcomponent of some learning 
style theories.   LMP is a preference to 
learn through a specific modality (i.e., 
visual, auditory, etc) 
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       Table 2: Memory Measures Selected for Statistics 
 
 
 
 
 
 
 
 
 
 
 
WMS-III 
Logical Memory 
WMS-III 
Digit Span 
WMS-III  
Word Lists 
WMS-III 
Faces 
WMS-III 
Spatial Span 
BVMT-R 
 
Logical Memory 
I 
Digit Span 
Total 
Word Lists I Faces I Spatial Span 
Total 
BVMT-R 
Total 
Logical Memory 
II 
 Word Lists II Faces II  BVMT-R 
Delayed 
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Table 3.1. MANOVA on Testers and WMS-III Data for Normals 
Memory Tests MANOVA P-Value SIG.  
Logical Memory I F(2, 53) =  6.576 0.003 * 
Logical Memory II F(2, 53) =  3.363 0.042 * 
Word Lists I F(2, 53) =  0.091 0.913  
Word Lists II F(2, 53) =  5.402 0.007 * 
Digit Span F(2, 53) =  0.267  0.767  
Faces I F(2, 53) =  0.464 0.631  
Faces II F(2, 53) =  2.564 0.086  
Spatial Span F(2, 53) =  1.301 0.281  
*post-hoc Scheffe’s test not significant for Logical Memory II 
 
Table 3.2. MANOVA on Testers and BVMT-R Data for Normals 
Memory Tests MANOVA P-Value SIG.  
BVMT-R Total F (2, 55) = 1.954 .151  
BVMT-R Delay F (2, 55) = 0.504 .607  
 
Table 3.3. MANOVA on Testers and LET-II Data for Normals 
Tests MANOVA P-Value SIG.  
LET-II Visual F (2, 52) = 1.682 0.196  
LET-II Auditory F (2, 52) = 0.416 0.662  
 
Table 4.1. MANOVA on Testers and WMS-III Data for LD/ADHD Group 
Memory Tests MANOVA P-Value SIG.  
Logical Memory I F(2, 8) = 1.147 0.365  
Logical Memory II F(2, 8) = 0.928 0.434  
Word Lists I F(2, 8) = 0.412 0.675  
Word Lists II F(2, 8) = 1.114 0.374  
Digit Span F(2, 8) =  1.964  0.202  
Faces I F(2, 8) =  0.167 0.849  
Faces II F(2, 8) =  0.561 0.592  
Spatial Span F(2, 8) =  2.946 0.110  
 
Table 4.2 MANOVA on Testers and BVMT-R Data for LD/ADHD Group 
Memory Tests MANOVA P-Value SIG.  
BVMT-R Total F (2, 8) = 3.414 .085  
BVMT-R Delay F (2, 8) = 4.984 .039 * 
The post-hoc Scheffe’s test was not significant. 
 
Table 4.3 MANOVA on Testers and LET-II Data for LD/ADHD Group 
Tests MANOVA P-Value SIG.  
LET-II Visual F (2, 7) = 1.350 0.319  
LET-II Auditory F (2, 7) = 2.531 0.149  
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Table 5. Demographics 
 Frequency Percent 
Tester   
           A 12 16.90 
           B 23 32.39 
           C 36 50.41 
Year in School    
           Freshman 46 66.67 
           Sophomore 14 20.29 
           Junior 4 5.80 
           Senior 5 7.25 
Major of Students   
            Other 13 18.33 
            Biology 5 7.04 
            Biomedical 
            Engineering 
2 2.82 
            Business 35 49.30 
            Design and 
            Merchandizing 
2 2.82 
            Engineering 2 2.82 
            Finance 5 7.04 
            Interior Design 2 2.82 
            Music Industry 2 2.82 
            Psychology 3 4.23 
Gender   
            Female 30 42.25 
            Male 41 57.75 
Ethnicity   
            Asian 7 9.86 
            African American 4 5.63 
            Caucasian 53 74.65 
            Hispanic 1 1.41 
            Indian 4 5.63 
            Handedness   
            Left 7 11.47 
            Right 49 80.32 
            Ambidextrous 5 8.21 
Order of Tests 
Administered 
  
            A 14 42.43 
            B 19 57.57 
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Table 5. Demographics Continued  
 Frequency Percent 
History of LD/ADHD 
 
  
            No 58 84.06 
            Yes 11 15.94 
Accommodations Received    
            No 63 90.00 
            Yes 7 10.00 
History of LOC   
            0 58 82.86 
            1 6 8.57 
            2 2 2.86 
            3 2 2.86 
            4 1 1.43 
            7 1 1.43 
Use of Medications   
            No 64 91.43 
            Yes 6 8.57 
Medical Condition   
            No 64 91.43 
            Yes 6 8.57 
Psychological Condition   
            Blood Phobia 1 4.43 
            Depression 8 11.43 
            None 61 87.14 
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Tables 5. Demographics Continued 
 Frequency Percent 
Alcoholic Bev. Per Week   
            0 25 36.23 
            1 8 11.59 
            2 7 10.14 
            3 7 10.14 
            4 3 4.35 
            5 4 5.80 
            6 2 2.90 
            9 1 1.45 
            10 9 13.04 
            15 2 2.90 
            16 1 1.45 
Consumption of Illicit 
Drugs Within the Past Year 
  
            No 36 63.16 
            Yes 21 36.84 
 
 
Table 6.0.  Descriptive Statistics for Normals on Memory Measures and LET-II 
  N Minimum Maximum Mean SD 
LMI 58 5 18 12.00 2.347 
LMII 58 6 18 12.41 2.506 
WLITotal 58 5 18 12.38 2.949 
WLII 58 5 16 12.62 2.338 
DS  58 6 17 11.66 2.489 
FacesI 58 3 17 10.02 2.460 
FacesII 58 6 18 10.90 2.433 
Spatial Span 56 8 17 12.20 1.930 
BVMT-R 
Total 58 1 15 8.86 3.086 
BVMT-R 
Delay 58 1 13 9.59 3.190 
LET-II Visual 56 1 19 13.91 5.518 
LET-II 
Auditory 55 1 19 12.22 5.600 
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Table 7.0. Descriptive Statistics for LD/ADHD Group on Memory Measures and LET-II 
  N Minimum Maximum Mean SD 
LMI 11 7 15 10.45 2.207 
LMII 11 7 14 10.64 2.063 
WLITotal 11 6 14 9.73 2.149 
WLII 11 8 15 11.36 2.335 
DS  11 7 14 11.18 2.442 
FacesI 11 6 17 10.36 3.107 
FacesII 11 6 17 10.91 3.419 
Spatial Span 11 8 17 12.18 3.188 
BVMT-R 
Total 11 1 12 7.36 2.873 
BVMT-R 
Delay 11 2 11 7.00 3.347 
LET-II Visual 10 1 19 11.70 6.255 
LET-II 
Auditory 11 1 19 10.45 6.578 
 
Table 8.1. MANOVA Results  on WMS-III for LD/ADHD versus Normals 
Memory Tests MANOVA P-Value SIG.  
Logical Memory I F(1, 65) = 3.855 0.054  
Logical Memory II F(1, 65) = 4.543 0.037 * 
Word Lists I F(1, 65) =  7.676 0.007 * 
Word Lists II F(1, 65) =  2.406 0.126  
Digit Span F(1, 65) =  0.211  0.648  
Faces I F(1, 65) =  0.117 0.733  
Faces II F(1, 65) =  0.004 0.949  
Spatial Span F(1, 65) =  0.000 0.984  
 
Table 8.2. MANOVA Results on BVMT-R for LD/ADHD versus Normals 
Memory Tests MANOVA P-Value SIG.  
BVMT-R Total F (1, 67) = 2.224 .141  
BVMT-R Delay F (1, 67) = 5.987 .017 * 
 
Table 8.3. MANOVA Results on LET-II for LD/ADHD versus Normals 
Tests MANOVA P-Value SIG.  
LET-II Visual F (1, 63) = 1.506 .224  
LET-II Auditory F (1, 63) = 0.740 .393  
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Table 9.0. Descriptive Statistics for LOC Group, Excluding the LD/ADHD group 
 N Minimum Maximum Mean SD 
LMI 9 10 15 12.56 1.810 
LMII 9 10 14 12.44 1.590 
WLI 9 9 15 12.11 2.472 
WLII 9 9 15 12.22 2.108 
DS  9 8 14 11.22 1.856 
FacesI 9 6 13 10.44 2.007 
FacesII 9 6 13 10.56 1.944 
Spatial Span 9 9 13 11.33 1.500 
BVMT-R 
Total 9 2 14 7.89 4.343 
BVMT-R 
Delay 9 2 13 8.33 4.301 
LET-II Visual 9 6 19 15.00 6.062 
LET-II 
Auditory 8 4 19 10.13 4.941 
 
 
Table 10.1. MANOVA on WMS-III Data for LOC versus Normals  
Memory Tests MANOVA P-Value SIG.  
Logical Memory I F(1, 54) = 0.615 0.436  
Logical Memory II F(1, 54) = 0.008 0.930  
Word Lists I F(1, 54) =  0.038 0.846  
Word Lists II F(1, 54) =  0.230 0.633  
Digit Span F(1, 54) =  0.192  0.663  
Faces I F(1, 54) =  0.238 0.627  
Faces II F(1, 54) =  0.297 0.588  
Spatial Span F(1, 54) =  2.191 0.145  
 
Table 10.2. MANOVA on BVMT-R Data for LOC Group versus Normals  
Memory Tests MANOVA P-Value SIG.  
BVMT-R Total F (1, 56) = 1.060 .308  
BVMT-R Delay F (1, 56) = 1.662 .203  
 
Table 10.3. MANOVA on LET-II Data for LOC versus Normals  
Tests MANOVA P-Value SIG.  
LET-II Visual F (1, 53) = 1.354 .250  
LET-II Auditory F (1, 53) = 1.316 .257  
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Table 11. Descriptive Statistics for Females, Excluding the LD/ADHD group 
  N Minimum Maximum Mean Std. Deviation 
LM1story1 26 5 17 11.81 2.623 
LM2Recall 26 6 16 12.54 2.353 
WL1Total 26 9 18 13.27 3.027 
WL2Total 26 9 15 13.12 1.883 
DS Total 26 8 16 11.54 2.420 
Faces1 26 3 17 10.88 3.103 
Faces2 26 7 18 10.92 2.382 
Spatial Span 25 8 15 11.84 1.951 
BVMT-R 
Total 26 1 14 9.04 3.026 
BVMT-R 
Delay 26 1 13 9.85 3.133 
LET-II Visual 25 1 19 13.48 5.853 
LET-II Verbal 24 1 19 12.42 6.079 
 
Table 12. Descriptive Statistics for Males, Excluding the LD/ADHD group 
  N Minimum Maximum Mean Std. Deviation 
LM1story1 32 7 18 12.16 2.127 
LM2Recall 32 7 18 12.31 2.657 
WL1Total 32 5 18 11.66 2.719 
WL2Total 32 5 16 12.22 2.612 
DS Total 32 6 17 11.75 2.578 
Faces1 32 6 12 9.31 1.491 
Faces2 32 6 17 10.88 2.511 
Spatial Span 31 9 17 12.48 1.895 
BVMT-R 
Total 32 2 15 8.72 3.175 
BVMT-R 
Delay 32 1 13 9.38 3.270 
LET-II Visual 31 2 19 14.26 5.304 
LET-II Verbal 31 5 19 12.06 5.297 
 
 
Table 13.1.  MANOVA on Gender for WMS-III Data, Excluding LD/ADHD Group 
Memory Tests MANOVA P-Value SIG.  
Logical Memory I F(1, 54) = 0.387 0.536  
Logical Memory II F(1, 54) = 0.145 0.705  
Word Lists I F(1, 54) =  6.284 0.015 * 
Word Lists II F(1, 54) =  2.131 0.150  
Digit Span F(1, 54) =  0.277  0.601  
Faces I F(1, 54) =  6.991 0.011 * 
Faces II F(1, 54) =  0.043 0.837  
Spatial Span F(1, 54) =  1.556 0.218  
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Table 13.2 MANOVA on Gender for BVMT-R, Excluding LD/ADHD Group 
Memory Tests MANOVA P-Value SIG.  
BVMT-R Total F (1, 56) = .152 .698  
BVMT-R Delay F (1, 56) = .309 .580  
 
Table 13.3 MANOVA on Gender for LET-II, Excluding LD/ADHD Group 
Tests MANOVA P-Value SIG.  
LET-II Visual F (1, 53) = .097 .757  
LET-II Auditory F (1, 53) = .053 .820  
 
Table 14. Pearson Correlation on IQ and Measures, Excluding LD/ADHD Group 
Subtests Pearson Correlation P-Value SIG. 
LMI r=0.176 0.185  
LMII r=0.130 0.330  
WLI r=-0.008 0.951  
WLII r=0.133 0.318  
Digit Span  r=0.282 0.032 * 
Faces I r=-0.087 0.518  
Faces II r=-0.155 0.244  
Spatial Span r=0.168 0.215  
BVMT-R Total r=0.131 0.327  
BVMT-R Delay r=0.097 0.469  
LET-II Visual r=0.211 0.118  
LET-II Auditory r=0.186 0.175  
 
 
Table 15.1.  Immediate Memory Score Differences for those in Verbal, Visual and 
                   Mixed Memory Modality Groups, Excluding LD/ADHD Group. 
Learner 
Type 
N Minimum Maximum Mean SD 
Mixed 44 -2.7 1.3 -0.75 0.978 
Verbal 12 -7.0 -3.0 -4.36 1.396 
*Note there were no people with a visual learning modality strength 
 
Table 15.2. Chi-square for Modality Strength versus Mixed Modality Groups at 
                   Immediate Interval, Excluding LD/ADHD Participants. 
Learner Type Observed N Expected N 
Mixed 44 34.5 
Modality Strength 12 21.5 
Total 56 56.0 
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Table 15.3. Delayed Memory Score Differences for those in Verbal, Visual and 
                   Mixed Memory Modality Groups,  Excluding LD/ADHD Participants. 
Learner 
Type 
N Minimum Maximum Mean SD 
Mixed 34 -2.5 2.0 -.838 1.391 
Verbal 23 -9.0 -3.0 -4.76 1.821 
Visual 1 6 6 6  
 
Table 15.4 Chi-square between Modality Strength versus Mixed Modality Groups at 
      Delayed Interval, Excluding LD/ADHD Participants 
Learner Type Observed N Expected N 
Mixed 34 39.2 
Verbal&Visual Combined 24 18.8 
Total 58 58.0 
 
Table 16.1. Linear Regression on Immediate Verbal Memory Tests and LET-II Auditory 
                  Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
IQ 0.021 0.082 0.799 -0.144-0.186 
Tester -.098 1.042 0.925 -2.196-1.999 
Gender -.447 1.551 0.775 -3.569-2.675 
LMI 0.500 0.345 0.155 -0.195-1.195 
WLI 0.122 0.281 0.665 -0.442-0.687 
Digit Span 0.799 0.311 0.014 0.173-1.425 
 
Table 16.2. Linear Regression on Delayed Verbal Memory Tests and LET-II Auditory 
                  Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
LMII 0.79 0.352 0.029 0.082-1.497 
WLII -0.061 0.368 0.869 -.0800-0.678 
Tester -0.154 1.085 0.888 -2.334-2.026 
 
Table 16.3. Linear Regression on Immediate Visual Memory Tests and LET-II Visual 
      Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
Gender -0.047 1.729 0.979 -3.520-3.426 
Faces I -0.269 0.362 0.460 -0.996-0.457 
Spatial Span 0.223 0.432 0.609 -0.646-1.091 
BVMT-R Total -0.068 0.279 0.809 -0.628-0.492 
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Table 16.4. Linear Regression on Delayed Visual Memory Tests and LET-II Visual 
      Subtest Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
Faces II -0.242 0.305 0.430 -0.853-0.369 
BVMT-R 
Delay 
-0.236 0.231 0.313 -0.700-0.229 
 
Table 16.5. Linear Regression on Immediate Verbal Memory Tests and LET-II Visual 
                  Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
IQ 0.049 0.075 0.519 -0.102-0.200 
Tester -.309 1.008 0.760 -2.334-1.715 
Gender -.765 1.459 0.602 -3.698-2.167 
LMI -0.007 0.318 0.811 -0.716-0.563 
WLI -0.210 0.264 0.430 -0.741-0.320 
Digit Span 1.012 0.299 0.001 0.412-1.611 
 
Table 16.6. Linear Regression on Delayed Verbal Memory Tests and LET-II Visual 
                  Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
LMII -0.73 0.351 0.835 -0.777-0.630 
WLII 0.300 0.377 0.429 -.456-1.057 
Tester 0.121 1.106 0.913 -2.099-2.341 
 
Table 16.7. Linear Regression on Immediate Visual Memory Tests and LET-II Auditory 
      Subtest, Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
Gender -0.017 1.712 0.992 -3.458-3.425 
Faces I -0.260 0.360 0.473 -0.983-0.463 
Spatial Span 0.546 0.426 0.206 -0.310-1.403 
BVMT-R Total -0.017 1.712 0.992 -0.382-0.733 
 
Table 16.8. Linear Regression on Delayed Visual Memory Tests and LET-II Auditory 
      Subtest Excluding LD/ADHD Group 
Model B Standard Error P-Value 95% CI 
Faces II 0.130 0.317 0.683 -0.506-0.766 
BVMT-R 
Delay 
0.006 0.242 0.979 -0.479-0.492 
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Table 17.1.  Immediate Memory Score Differences  for Verbal, Visual and Mixed 
                   Memory Modality Groups, Excluding Spatial Span and Digit Span and 
                   LD/ADHD Participants. 
Learner 
Type 
N Minimum Maximum Mean SD 
Mixed 34 -2.5 2.5 -1.015 1.2461 
Verbal 22 -9.5 -3.0 -5.068 2.0018 
*Note there were no people with a visual learning modality strength 
 
Table 17.2. Chi-square between Modality versus Mixed Modality Groups  at Immediate 
                   Interval, Excluding Spatial Span and Digit Span and LD/ADHD Participants. 
Learner Type Observed N Expected N 
Mixed 34 34.5 
Modality Strength 22 21.5 
Total 56 56.0 
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